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ABSTRACT ■ " . . 

This report of a workshop held in Nigeria for the* 
leaders of science' education at primary and ]jower secondary levels in 
15- African nations describes the status of science . instruction in 
thOse^ countries. The workshop was sponsored by UNESCO/UNICBF and 
continued, from September 20th through October 4th, 1971. Th^ main* 
address td^ the conference,' entitled, "Pfemature. Spe'cialisation in 
Science Education: A Disservice to Developing Natidns,” is included 
in the' appendix. The chapter on "The Present Situation in Integrated 
Science Teachi|ig in African Countries” is a compilation of 
information gathered from all the 15 nations. The emphasis of the 
workshop was on reviewing the progress of integrated science teaching 
programs in African nations and planning ^strategiefe for future work. 
O'ther -topics .included a" review of 'programs outsid'e Africa an4 a 
general plan idr dollaboration among participating' African nations. 
The discussions centered on curriculum planning for integrated 
.science teaching; ‘science materials, equipment and facilities; 
teacher* education; and evalua.tion. separate chapters are devoted to 
each of these topics in the report. (PS) ' • 
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I INTRODUCTION 

The Workshop 'PlanriingTor Integrated Science Education in Africa' was held at the Gon- 
ference Centre, University of Ibadan, by invitation of the Government of Nigeria, from Sep- 
tember 20th to Octo'ber 4th, 1971. It was sponsored jointly by UNESCO and UNICEF, 
following Programme Resolution 2.21 adopted by the General Conference of UNESCO at 
its sixteenth session. The Workshop was attended by national participants from fourteen 
African countries, who were science education specialists concerned with developing pro- 
grammes of integrated science education at the primary and lower secondary levels. Itwas 
also attended by invited consultants, UNESCO experts in science education associated with 
UNf SCO/UNICEF projMt in African countries, observers from bi-lateral'aid organizations 
and UNESCO staff members from the^UNESCO field Science Office for Africa, Nairobi, the 
Regional Educational Buildings Research Institute for Africa, Khartoum, and UNESCO 
Headquarters.* 

The Workshop was the second of two meetings for English-speaking African countries spon- 
sored jointly by UNESCO and UNICEF. It followed the guidelines developed at the first 
meeting for policy— makers, which was held in Nairobi in July 19^1, and embodied in the 
report "Education for Rural Development in Africa." ** 

The objectives of the Workshop were: 

1. To' exchange information on current projects and programmes aimed at the pro- 
duction and implementation of integrated.science curricula in English-speaking 
, African countries. . ' , - . 

T. To review integrated science teaching programmes from outside Africa which might 
tjB used as resources in developing programmes for African countries. 

3t>To make suggestions for the development of inte^ated science teaching programmes, 
including teaching approaches and methodology, learning materials (printed materials, 
equipnnent, teaching aids, etc) teacher training (pre-service, in-service and continuing 
education of teachers) and other relevant considerations. 

4. To draw up a plan fdr collaborative action among participating countries. 

I • • . V 

The level of work discussed at the Workshop covered the teaching of science in an integ- 
rated approach ’during the first eight or nine years of schooling.- 

Activities during the workshop'included talks and discussions in plenary sessions, vfsits to’ 
places of educational interest and displays of printed materials, audiovisual material and ' * . 
science teaching equipment. Foqr working groups were established on the subjects of cur- 
riculum planning, teaching materials and facilities, teacher education, and evaluation. Work- 
ing group A, which was concerned with curriculum planning followed the Nairobi Seminar < 
recommendation that "the Workshop at l6adan should spell out a clear concept of what in- 
tegrated science includes within the framework df health, agriculture, nutrition' etc. vis-a-vis 
the basic lienees of biology, chemistry and physics or general science where these are 
taught together." *** It also drew up a guide for curriculum planning for integrated science 
teaching in a hypothetical African courftry, and constructed a specimen -lesson. Group B was 
concerned with science teaching materials and facilities including printed materials, audio r 
visual materials, and science equipment. It also drew up specifications for a prototype j^ter- 


* For list of participants, see Annex 1 . 

** Report obtainabe from the UNESCO Field Scien 

*** Nairobi Seminar Report, P.57 ^ 


;fe Office for Africa, Nairobi, Kenya. 


greted science teaching laboratory. Group C was concerned with teacher edui^tiorv for in- 
tegrated science teaching following the Nairobi Seminar recornmendatron that "the Work- 
. sh6p must isolate the implications of integrated science teaching relating to the training of 
teachers."*, Itcbvefed pre-and in-service training and further education of teachers, includ- , 

. ing the work of lienee teachei^s' associations. It also produced specimen teaching materials 
for orienting teachers in service or in training towards an integrated approach to their teach- 
1 ing. Group D was, concerned with evaluation and testing. The recommendations from the% 
four working groups are embodied in the report and form chapters 1 1 1, 1 V, V and VI of the 
report, respectively. The plan for collaborative action, which forms chapter Vll df the report, 

' is drawn up from proposals and suggestions put forward by the yvorking groups and in plenary 
sessions. 

The Workshop was opened by Mrs. f^. M. Akintunde— 'Ighodalo, Permanent Sfecretary, 
Western State of Nigeria Ministry of Educatiorr. Addresses of welcome were also given by 
Professor G.M. Edington, D^uty Vice-Chancellor of the University of Ibadan, and Dr. N.^ 

S. Rajan, y NESCO Chief of Mission in Nigeria. A message of welcome was read out from 
Chief S. 0. Awol<oya, Director, Department of Science Teaching and Technological Education 
and Research, UNESCO. The Key-note address to the Workshop was given biy Professor A. 
Babs Fafunwa, Deputy Vice-Chancellor, University of Ife, Nigeria. The co-chairrtien of the 
Workshop werelMr. J. ,M. Akintola, Federal Ministry of Education, Nigeria, and Mr. T. A. 
Balogun, Faculty of Education; University of Ibadan. The Org^izing Committee for the 
Workshop established under the auspices of the Nigerian National Commission forAJNESCO 
consisted of Mr. J. F.'Olagbemi, Mr. J. A. Akintola, Mr. A. Osiyale,.Rev. F. S. Samuel, Mr. R. 
S. G. Agiobu Kemmer, Dr. E. A. Yoloye, Mr. F. Oyevyole, Mr. C. N. Sharma, ^r. N. K. Lowe, 
and Mr. L. E. Folivi, who also acted as Workshop Co-ordinator. Workshop Liason was carried 
out by Mr. S. M. Winsaia, Conference Officer, University o'f Ibadan. 
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l( THE PflfESENT SITUATION IN INTEGRATED SCIENCE TEACHING PROGRAMMES 
IN AFRICA ' 

The material for this chapter is based on country reports submitted by the representatives 
from the follovving countries: Botswana, Ethiopia, Gambia, Ghana, Kenya, Lesotho, L^eria, 
Mauritius, Nigeria, Sierra Leone, Somalia, Tanzania, Ugarida, and Zambia. It is augumented 
by written reports, syllabuses and other background material available at the workshop for 
reference purposes. What follows is not an authoritative and comprehensive account, support- 
ed by statistics, of the status of science education in the 14 countries" represented at the work 
shop, but rather a general. account of trends towards integrated science teaching in thd respec 
live countries, with more detailed descriptions of particular, projects in a few of the countries. 

A summary is given at the end of the chapter. 

. Although there are many different educational systems across the continent of Africa, there 
appear to be a number of problems that most countries have in comrpon. There are also 
several co-opetative attempts to develop programrries of science education at primary and 
secondary level, that are corrtmon to a number of countries. Throughout Africa there is a 
genuine desire to relate education at school more closely to community or rural development, 
but the difficulties of putting this philosophy into practical terms are often very great. 

Among the common features of educational systems in Africa are the variations within 
countries of the percentage of children receiving primary education, from something approach- 
ing 100 per cent in major cities to less than 10 per cent in remote areas. There is also the com- 
mon problem of drop:Out from the primary grades; this often means that fewer than 50 per 
cent of those who begin primary education will reach the end of that phase. Then there is the 
spectre of the primary school leaving examination and/or the entrance examination to second- 
ary schools that have such a profound effect on the curriculum, particularly in the upper forms 
of primary school. This especially effects the- teaching of science, as science is not normally 
one of the subjects examined for the awarcf of the primary school leaving certificate; the sub- 
ject thus ^ds to be neglected for obvious reasons. Another important factor i^ the medium 
of instruction. While often thjs is English— at. least in the upper forms of the primary school— 

» English is rarely the mother tongue of individual chi/dren. ' » 

Even in those^countries, such as Tanzania and Ethiopia, v^ich have introduce a vernacular 
as the medium of instruction in primary schools, the chosen vernacular may not .be the mother 
tongue of al^^children in the school, owing to the plurality of regional and local languages arid 
dialects in many African couQtries. And wen when a vernacular language is the medium for 
primary‘,^ucation, there is stiji the problem of transition to English language at the secondary 
or po^-secondary stage. .. • ‘ • 

Thus there are many problems-^and many of them common problems-for which ^ variety 
of solutions are being tried. All countries are giving particular attention to in-service training 
as a means of introducing new ideas.for the teaching of science and of upgrading poorly 
qualified or unqualified teachers. Associated with such efforts are a number of curriculum 
development centres and key institutions for teacher training. The former often exercise the 
role of coordinating development as well as functioning as nuclei of centres for generating 
new materials, including simple prototype equipment. 

ft ^ . * . . ’ 

Primary Education , . . 

* i ' * ^ ■ 

In general, science is taught in African primary schools, if at all, in an undifferentiated way. 
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That is to say if is hot taught under the fairiiliar separate headings of chemistry, physics or * 
biology. Nor is it.usually taught by specialist teachers, and certainly not so in the first four 
grades. It is, however, often dKignated as ''nature study", "health science" or 'Vural science". 

In several countries, modern "activity centered" ai^proaches are being introduced. 'The in*, 
strument of change in nriost of these cases, is the African Primary Science Pri^gramme (APSP) 
which, from 1 970, has become the Science Education Programme for Afric^*(SEPA). The 

origin olf the APSP can be traced back to the fifth Rehoyoth Conference in Israel in 1960 and. 
also, to the efforts of ^Professor Babs Fafunwa' in tl}e University of Nigeria, Nsukka, to es- 
tablish a science programme .in 1962. But the real beginning of the APSP stemmed from a 
Pan^African conference on science education held in Kano, IVligeria in 1965. The (frogramme 
was guided by a Steering Committee, composed mainly of Africejns, ahd funded by the Educa- 
tion Development Centre of the U.S;A. (formerly called Educational Services Incorporated), 

The handing over of responsibility to SEPA in 1970 was both a fulfilment of the original 
objective to place the direction and administration of the APSP in African hands, and a 
recognition of the fundamental African nature of the APSP. 

Tha general. objective of SEPA is t6 promote excellence in the learning' of science at all 
.Ipvels of education in Africa. This subsumes three earlier, aims^to promote effective ways of 
learning science by utilising the child's environment, to develop and to introduce new and re- 
levant science curriculum materials into African schools, and to establish institutions in Africa 
concerned mainly witl^the furtherance of the renewal of science curricula. 

In pursuance of the airn to develop curriculum materials, more than 50 teachers guides and 
children's books have been printed. These range from the fjrst to be produced as a result of a 
writing conference at Entebbe Uganda in 19d6-'Ask the Ant J.ion '-though other units deal- 
ing with the biological environment such as 'Mosquitoes' and 'Chicks in the Classroom', to units 
concerned with the universe such as 'Strqngers in the Sky' and 'Moon Watchers'. They also 
include units on the physical environment such as 'Wet Sand', 'Dry Sand', Inks and Paper', 
•'Torch Bulbs and Batteries' and 'Making Things Look Bigger*. A list of units currently avail- 
able may be found in 'A' Teachers' Guide to the African Primary Science Programmfe' pub- 
lished by the Njala SciericeCurriculum Developpnent Centre, Njala University College, Private 
Mail Bdg, Freetown, Sierra Leone, tn addition a few films have been producea showJhg sofpe 
of the uriits in use in actual classroom situatibris.'^ . • • 

The main concern of SEPA is to provide meaningful learning experiences for the child. The 
study of science is regarded as one of the most valuable means of furthering his development 
by providing opportunities for him to explore'his own environment Children are encouraged 
to find things out for themselves, to see problems from varying frames of reference and to 
develop ani, ability to resolve such problems themselves. Thus they will come to realise their 
■own strengdi's. They might even learn in the course of their own development to approach 
problems in other situations With confidence and integrity.. The SEPA approach, as exemplified 
by die^nita now available, was developed during writirtg workshops of about^4— 6 wwks.dura- 
tion follow^ by extensive trials of the- materia Is, The materials themselves make use of 
famifor asp^ts of the child's envlrontrient (plants, animals, stones etc) which can capture and 
holdThe'attentiort and interest of childrert. ' n '• . - ^ * 

' The teachlpi;s.'.role in this proc&s Ijpwever, is far from passive. He has to raise questions and 
make suggestions, he has to select appropriate materials and to appraise thechildr^n's efforts, 
imagination, excjtement, and frustrations almost continuously. All'this has profound implica- 
tions for teacher ^ucation and the whole purpose of {he school in its formal setting. 
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What then is happening in Individual countries as the result of SEPA as the instrument of 
educatfona I change at the primary level? Ghana, Kenya, Nigeria, Sierra Leone and Tanzania 
are the countriK, represented at the Workshop, which>have taken up, to a varying extent, the 
SEPA units &nd are incorporating them into the primary curricula. (It js known that Malawi 
is likewise involved.) Other countries such as Ethiopia and Zambia are developing their own 
primary science schemes, through Curriculum development centres, and the writers of these 
schemes are drawing on some-of the SEPA materials. The G 2 rmbia has recomrtjended tKe use 
of SEPA units for the future and Liberia is planning a workshop on SEPA materials as a means 
of imroducing some trials ip 1972. 

- But-even the countries with the rtiost active involvement with SEPA wduld not claim that 
thjs approach is in use'throughout the whole primary school system. In Tanzania, for instance, 
where the philosophy exemplified by the^EPA unfits is in cbdson^ce yvith'^he national aims 
of education; th^ introduction of new science scb'emes has, perforce, to be confined to those 
primary schools which are with in easy access of certain "key" teachers' colleges, and in districts 
with enth^usiastic primary school inspectors., About 10 units have been developed in Tanzania 
for gradps one and two under the title 'Activities for lower Primary Schools' and these units 
describe activities that young children can do with familiar materials from their environment e.g. 
wet sand, tin-cans, dry sand, tubes, reeds, seeds, wheels. At the level of grades three and four 
the children are involved in problem-solving situations. For example the unit on 'Water, Colour 
and Paper involves working with colours ^d learning to produce a variety of colours from 
simple materials such a's leaves,f lowers, rdots and barks, there are about^O units fbV this age 
group, for primary grades five, six and seven approximately 30 units have been evolved. These 
units, and others still under development, are in support of the new syllabub issued in Nov- 
ember, 1969. There is still a long way to go but already a few schools are setting the pace 

for their respective communities. The major t^ks of training students Jo become teachers and 
re training teachers io service are being assisted by a Tanzania/UNICEF/UNESCO Primary Edu- 
cation Reform Project centered on the 1 0 Grade A College^ On the staff of each Of the college 
involved are three itinerant tutor educators who, for the most part, have had long and distinguished 
experience as' tutors of inspectors, tach college is the centre of inspiration for alLthe surrounding 
schools and the tutor ,educatoc? are the agents who organise the feoripntation of teachers to the 
new ideas. They retain light tutorial duties in the College, but most of thelr4ime is devoted to 
visiting -schools individually or as a- team. Each year it is planned to provide reorientation courses 
for some 240 teacher^ at each College. The tutor educators as v&ell as Regional'and District 
Education Officers are deeply involved in these courses. The goal, is to reorientate 12>0(X) 
teachers' by 1976. . , • 

- In Sferra Leone the developrhent of SEPA materials has been the concern of the Science Curri- 
culum Development Centre at Njala University College. Through a system of insetvice training, 
certain teachers have been introduced to the new .materials and are now implementing an inquiry 
approach in their schools. Teachers' centres have been set up in the Provinces and in, the Western . 
area of Sierra Leone to provide local inservice training. 'The staff of the^ Science Curriculum 
Development Centrd and selected experienced teachers are involved tutors. ^ 

The Kenya Institute'of Education (KIE ) in Nairobi is the coordinating institution Tor the de- 
velopment to SEPA -materials in Kenya; It has iii fact, been involv'ed with the fbirner'APSP since' 
the development work began, having been establ'ishei^ with assistance from the Ford Foundation 
in 1964. Prpduction of simple equipment to support the units is also the resjxinsibility of'the 
KIE, and inservice training is prdvidetj both. at KIE and at regipnal sub-centrfes. But with 6,000 
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primary schools irv*the country there is a massive tasK ahead. , ~ 

In Ghana all curriculum development "activity in science is under the umbrella of the.Project 
for Science Integration (PSI) in which the Ghfena Association of Science Teachers (GAST) is | 
actively involved. This.arose-from a. decision taken at a Workshop, held in Takoradi in April I 
1970, sponsor^ by GAST in collaboration with the Ministry of Education and UNESCO. 

This means that all the activity of the Elementary Science Unit of the Ministry of Education in 
Gh^na_is now merged with the curriculum cJevelopmenfactjVities erf GAST and covers.elemen- 
schools and training colleges. Primary schools in-Ghana are now using some 
of t1^‘ SEPA units, and it is estimated that about 500 schools are involved in some way. Similar- 
ly middle schools are using SEPA materials. It is hoped that the Primary Group of PSI vvill de- 
velop a scheme or curriculum that embodies most of the units’under trial. About 20 teacher 
training colleges now have good science prograrpmes, and their’ tutors have been involved in 
workshops organised by the E lOTentary Science Unft. Local follow up of schools is under-' ' 
taken by Regional and District Science Organisers. The Science Unit in Accra produces a 
quarterly Science N^sletter ,ps a means of communication with teachers. 

In Nigeria, a Primary School Project was set up as early as 1962 in the U niversity of Nigeria 
aj Nsukka with finaricial assistance from the.Ford Rjundation. ''Since then, SEPA units have 
been developed and tried out in some Nigerian schools, particularly in the vicinity of the towris 
of Lagos, Ibadan andjfe. At Ife there are two primary science advisees. **A UNESCO/UNICEF - 
project for primary school curriculum development was established in the six northern states / 
of Nigeria in 1969! It is centered on the Ahmadu Bello University Zaria, and relies for develob- 
mental advice upon subject panels made up of people in the locality. The Nigerian Educational. 
Research Council (NERC) has, this year,(1971) mounted a Niational primary school curriculum- 
workshop. This arose directly from the recommendations of the National Curridulum Con- 
ference held in 1969. 'The Prirriary School Curriculum Workshop produced proposals for the 
first national curriculum ^r primary education in Nigeria. The materials produced at the work- 
shop, including science teaching materials; will be released to the State Ministri* of Education 
and to teacher training institutions for further development and implementation. 

" In Zambia,^he New Zambia Primary Curriculum (NZPC) hafbeen-launched from the Curr- - 
iculum Centre (form^ly the English Mediurn Centre). yhis project is attempting to integrate"' 
the whole>i^imary curriculum by means of specially written materials in English-the officially 
adopted medium of instruction from the first grade. A pilot experiment in English teaching 
began in 1966 in Grade I in 19 schoojs in Lusak'a. Now materials are being written by the staff 
of the Centre in English, Mathematics, Social Studie^ Science and Zambian fanguages, although 
the science side has so -far suffered from a shortage of writers. .More than 2000 grade I classes, 
1500 grade II ’and 1250 grade III classes are now involved fn this teaching experiment. If ex- 
pansion continues at the present rate all grade I classes in’ the country wi.H be using the NZPC 
by 1 973. Already all the presenrfee. teacher training courses are geared to. preparing .rtudents * 
to implement the new course. 

' « " ' ' ' ' ' 

Upper Primary and Junior Secondary Education . V ' 

I ... . ^ ^ • 

. In some countries primary educatibn extends over five years, in others sixK)r seven. In the 
latter cases. the top forrns are often 'referred\taas upper primary and at this level subject specialist 
teachers are frequently encountered. .In othe( systems, grades six, seven and eight are referred 
to as the "junior secondary" level; and education at this level may be provided in special junior 
secondary schools or m middle schools rather than In the junior section of schools which provide 
a full seco^ary education. At this level Science is offered In all the educational systems re- 
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—present^ at the workshop, butin most countries it is ejther present^d as the separate subjects 
(^emistry, biology and physics (or sometimes only as one of them suctj as biology) or as . 
'general science", but With the constituent subjects separately evi^t. In a few countries, • t 
however, new approaches to science through an integrate teach in^rogramme are urider 

development, and it is these which are of fjarticular interest to this WQrkstiop. . 

One of the most significant aspecte of the development of new science courses- at this level 
is the important role" played by science teachers' associations. Thus in Ni^Ja and Ghana where 
science teachers' associations have quite a long history and are particularly influential in 
national policy, it is interesting to note that schemes in integrated. science teaching are already 
under developments. also page 27). ’ 

^ and Swaziland, a ^w Junior Secondary Science Syllabus has been 

produced. Tliis syllabus, called Introductcfy Science, was developed in 1967 with the help of a 
^ESCO adviser in L^^o. Previously; scjfehce was offered as biology and physical science. 

The new syllabils is being^Aised by some schools in all three territories but there is not yet 
general agreenfent as to the type of science best suited for the rarfy years of secondary educa- ' 
tion m the three countries. Some confusion has been created, especially in Botswana by the 
views of a variety of advi^rs from different agencies and different countries. Hovyever, in tfet 
country the newly-established Botswana Science Association inactively engaged in coordinated ' 
curriculum development. Although there are no-puhJished books or teachers' guides specifically 
aimed at the new,. Introductory Science syllabus the University of Botswana, Lesotho and 
Swaziland has, through two or three of its lecturers, and witi^me finance from the U.K. 
Centrfrfor Educational development Overseas (CEDO), prd^ced draft versions of texts and 

work^oks to help th^ schools already involved in teaching the syllabus and preparing 
stud^s for the JuniorCertificate examination. ^ * 

Ih Somalia, a unified scifence syllabus was introduced in 1967. This syllabus comprises topics 
drawn fronn biology, chemist^, physics, astronomy, earth science, health and nutrition. A 
teacher' guidewaspublished in 1970and pupils' texts are being prepared. 

In Ethiopia, new curriculai^ science' are being prepared at the science curriculum centre in 
Addis Ababa by a team consisting of two Ethiopian science education specialists, two British 
advisers and one Peace Corps Volunteer. The curricula at the secondary level are being developed 
fw^m some of the East African Swondary Science Projects and materials. Teachers' Manuals 
for grade^ and 7 have already been produced'. 

In the Gambia, the curriculum includes general science at the secondary level, but with a 
greater emphasis on biology. This is being followed in the new junior secondaiV schools. In the 
older-e^blished secondary schools the syllabus is aimed at the requirements of the public ex- • 
amination (West African Examinations Ckjuncil-WAEC) with general science being offered in 
the first three years. , • , \ ' 

In Mauritius, some new schools, called senior primary schools, have been built to provide a 
diversified curriculum of a non-a^demic.type extending over four years. From January 1972 
these schools will be offering a course in science based upon local-environment and a practical 

approach. In the other secondary schools, which are of a grammar ijype, the Ministry of Edu- 
cation has recently decided to adopt integrated science for the first two years, based on the' 

Scottish Scheme. ■ It is interjded, however, to make use of some of the unjts produced in the 

UNESCO Biology Proj^ in Africa and to substitute these in place of certain sections of the 
Scottish Schema W • , * 

A neyviy-formed Sieri^ Leone A^ociation of Science Teachers is contributing to the develop- 
ment df ideas for the curriculum in s^ndary schools, particularly with reference to eleven 
■ • 13 ' 


secondary schoolsind one teacher training institution which are involved in an International 
Development Association* financial investment. A Curriculum Ri^ision unit has been established 
specifically, in this c^text, and possibilities of introducing some form of unifi^ science^t the 
Junior Secondary Lwel are being explored. At present general science is offered in the lower 
forms of secondary schools. 

In Kenya, Uganda and Tanzania, the development work in secondary science has been largely 
aimed at courses in the sep'arate sciences under the school Science Project (SSP), with financial 
assistance from CEDO. hovvever, in Uganda the interest is iri a physics with chemistry course, 
and in Kenya there is investigation, in the Kenya Institute of Education, of the possibility of 
producing some bridging topic; to link more closely the courses developed Separately in each of 
the sciences. Suggested topics include ^'energy" and "gases.'.' . ‘ 

In Zambia liew work in Secondary science— othrer than the trial of Nuffield materials in fhe 
separate sciences in a few schools— is centered on a pilqt project for 10 secondary schools in the 
teaching of agricultural science. These schools were sel^ted because they.already had prosperous 
Young Farmers Clubs and were in close proximity to extension help from the Ministry of Agricul- 
ture. The Zambian Association of Science Teachers has also developed an Integrated Science 
Course for^he first two years of secondary-education. 

' The role that science teachers' associations- can play in science curriculum development is best 
illustrated with reiFerence to Ghana arid. Nigeria. In Ghana, the Ghana Association of Science > 
Teachers (GAST), which was 'established in 1965; set up an ad hoc committee in 1969 to con- 
sider the revision of secondary school syllabuses. TbPs committee became the secondary school 
group at the Takoradi Workshop held April 1970. under the auspices of GAST inooliebora- 
tion with the Ministry of 'Edbcatiori and with support from UNESCO. Before the workshop 
was held the views of members were canvassed on a policy statement concerning the Aims and ' 
Objectives of ari integrated science course to the stage of the "Ordinary- Level"- of the General ' 
Certificate of Education (the 0-Level.) At the workshop itself the group embarked on a specifi- - 
catioh of the areas of knowledge suitable for an integrated science course extending over five 
years. ' ' ■ 

The following.main headings wer'^elected: 


The Human Body in Health and Disease 
The.Earth's crust 
‘ Weather 

Space Science - . ' 

Electrical Phenomena 
Sourtd 

Heat . • 

Light . . 

Energy 

^-^^fCom position of Matter 


Cherhical Change 

Tools, Machines and Engines 

Force and Motion 

Measurement 

Food Production 

Heredity 

Elementary Ecology 
Pressure anti Fluids 
Materials and their Composition 


These headings were elaborated and regrouped in the form of a syllabus dealing with con- 
tent knowledge, skills and attitudes, Thegroup also redrafted the policy statement on the 
aims and objectives^ of science educaj^bn at the 0-level. Further work is bein^ carried out 
on the development of this scheme, with supp>orting materials. The whole exercise, together 
with similar development at the primary level and at the teacher training college level, now 
comes under the umbrella of ^e Project for Science Integration (PSI) iiTwhich the Ministry 
of Education and GA$T work closely together, with financial assistance for developing cer 
tain aspects of t^ie programme from outside agencies such as UNESCO, CEDO, EDCetc. 
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In Nigeila, similar vigorous activity of the Science.Teachers'/Association of Nigeria (STAN) 
has iQd to the production of an integrated science cburse.for the junior forms of secondary 
schools, -fn.thls case, however, there are parallel schemes being developed in the separate 
sciences for the upper forms of the secondary school,-also under the auspices of STAN. As 
long ago as 196aSTAN carried out a survey of science teaching in Nigeria and found that 
the majority qf^hools split science up'into two or three subjects, though they still called it 
general science in many cases. A minority of schpols tried to present general ^ienc% a's a • 
single integrated subject. The STAN were thus stimulated to look into the apbroachtto* 

. teaching scie^e at the Junior secondary level and tf the same time they were approadh.ed by 
the West African Examinations Council to comment on and to study-new approaches to 
teaching separate sciences at the 0-Level. A Curriculum DevelopmentCommittefewasest- 
, ablished in 1968 to coordinate these activities. , 

Whilst these activities were developing, th'e Ford Foundation had assisted in the setting 
up of a Comparative Education Study and Adaptation Centre (CESAC) at Lagos'University 
to carry on the work bn curriculum renewal and testing being initiated at the Aiyetoro Com- 
prehensive High School. A general science course for the first two years of ^IB^ary school 
had^already been developed at Aiyetofp. CESAC showed interest ip the work of ^TAN as 
also did the British Council and CEDO (formerly CREDO). A new.integrated general science,: 
syllabus gradually wolved drawing on the experience of the Aiyetoro schenrie/the trials of ’ 
Nuffielcf materials ih<the Ibadan area, and on materials developed elsewhere: This syllabus, ' 
which was firially agreed at a major ^minar held in December 1969, appears in Curriculum’ 
Dwelopment Newsletter No I'published by STAN and supported by CEDO through the • 
British Council. The main section headings isre: ' 

Exploring Science— Variety in Mattec ' • , 

, . An Inv^igation pf Air and Water ^ ‘ ’ 

Forces,’Work and Energy ' 

Activities of. Living Things' 1 

Another look at Energy ' j 

Lde and Environment , 

Each section is divided into several units. Altogether there are 16 units to be“taught ’ 

^ring the two yea^ course. - * ' ^ 

To elaborate the syllabus in the form of course materials for students and teachers a * 
number-of publications are being prepared by commercial publishers. The whole approach 
emphasi^ the process^ of science and employs the activity'Or open ended technique with 
considerable pupil involvement utilizi^ig his environment as far as possible. 
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SUMMARY 
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OF POSITION AT. PRIMARY LEVEL (GRADES 1-5). 


1. SEPA materials being used. 


I 


7 

. 2. Alternative new scieni;e scherhei under 
I development 


3. Currit:ulum development centra as 
co-ordinators. 


W 

4. Teach^' Colleges as Gentry of activity ' 


& Health scierice, rural science'or nature study 
as the normal syllabus. 




6. Integrated primary curricyfum under 
■ development. 



NOTE: In'some ^ norrlinal syllabus in nature study or rural 

science little or no science in fact is taught in the first.four grades. 

.summary of position At junior secondary LEVEL.(GRADES 6-8) 


. . - 
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Kenya 

Lesotho 

Liberia 

Mauritius 

Nigeria 

Sierra Leone 
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Zambia 

^ ^ 1T Science taught as traditional general 

^ , science. • 
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2. Science taught as %parate subjects 
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' ' 3. Integrated science schemes now.available 

X 



X 


X 


X 

X 




) 

** 

' 4: ScierKe teachers' associations in existence. 
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• '5. Science teachers' -associations activity in- 
volved in curriculum development 
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Ill CURRICULUM PLANNING FOR INTEGRATED SCIENCE.TEACHING 

(a) The concept of integrated science teaching / ’ 

' Integrated science teaciting embraces all the approaches to science teaching (i ) in which 
concepts and principles of science ate presented so as to. depress the fundamental unityof • 
scientific thought, (ii) which emphasize the underlyij;^' methodology and processes which 
' characterize th'e scientific outlook and (iii) which embody a scientific ^udy of the environ- 
rhentand the technological requirements of ever^ay life. The science courses in the pri- 
mary and lower secondary schools (to whichthis Workshop has restricted itself) should be 
designed to ‘offer the child a broad view of science which enlivens and enlighteris. his inter- 
' action with his environment and contributes to the steady development of his mental, mani- 
pulative and social skills. As ProfessjjrBabs Fafunwa {}ointed out in his Keynote Address‘d 
to the \^orkshop: "Premature sp^ialization at the primary.and secondary levels (and even at 
•the first two years of universj^work') is a di^ervice to a nation, in that it is' a colossal waste 
of the limited human a^,,fjiiancial resources of a developing country." 

There is no single approach to integrated science teaching and many differing courses may . 
be dacribed as integratikl. They vary in the/'scppe", the "intensity" ahd'the "depth" of 
.. integration. <,/' ' 

• "Scope" of h^isgration is the range of subject components included. A course might be 
^designed to include elements of njany subject "dompartments" or may be of a more specia- 
Used kind involving only a few> Both are integrated, 'the scope of the former being wider 
than that Of the latter. ‘ 

■ I • * • f 

' "n^e "intensity" of the integration is-a.measure of extent to wfiich the various subject 
> cdfhponents are integrated one vvith another. It is possible to devise a course 'wfth low v . 
Intensity of iritegrati6ii')n which material drawn frgm various subject "compartments" is 
jiqbsely bound together, or a coursejn whic\) the integration js so intense that subject bound- 
. * aries are indistinguishable.. Both are integrate. .• 

"Depth" of integration is determined by t^ie extent to which the science course is in- 
tegrated first with the whole ^hool ciirriculym and secondly with the whole environme,nt i:i 
.which the school exists. This dimension of integrailion mebsures the.relevance of the 
"course to the needs of the' individual child pnd the e)dent to which it furthers the aspirations 
of the society to which he belongs. ' • 

In a fully integrated-primary school curriculum, the scope, intensity and depth of 
integration of the science course would reach optimupi levels. 

• One^ch curriculum, known as the Karachi-plan curriculum, is based on a "unit pjan" 
organization of subject matter. .>^During a period'of ^ypral weeks all teaching is centred 
ground a given topic. Thus, for example', the fourth gi'ade programme for the year includes 
only seven topics, one of whicfj is "Biology in Domestic Space," another, "Generati.ng Power 
.. and Machines", and so on. The former unit is broken down info sub-units: 1 . Man and 
Environrpent (physical rieeds,.utiliza,tioh of nature to this end, public health, pei^nal 

* cleanliness.) 2. T^e Living Space (hou^, kitchen, artimals in the yard, insdo^ Control); • 

3. The Cultivated Field (vegetable, potato, flour plants); 4.* Uncultivated Nature (riyers, 
the sea) 5. Man himself (how thelx>dy functions, first aid). 

•This represents an attempt to fully integrate the curriculum. A Tanzanian Pilot Project 

• is attempting curriculum ihtegration in a.similar way, but further integrating the school and 
society by choosing "centres of interest*' which are the developmental needs of the village 
to >^ich the school belongs. " ' 



In curricula of these kinds applied science pnd technology are given a stronger bias: 
belief is that rural development in particular must have a'sourtd basis in agro-technic§r " 
expertise and knowledge of st^ientific principles. 

It is not suggesti^ that the fully integrated curriculum is the only way in which rural 
development may b|e promoted. Indeed, many other examples exist in which there are 
science and agriculture components, included specifically for that pprpose:- ^pme of th^e 
are successful, others have failed miserably. It is possible to say, however, that'rural devel- 
opment is heavily dependent on science, and where the integration of the school science is 
wide in scope, strong in intensity and profound in depth, there appears to be a greater like- 
lihood of its contributing signifirantly to the development of rural communities. 

It is important to note here^hat, while science ediKtati^n has a major contribution to make 
in, the process of seeking and acquiring knowledge about the world around us, and also, 
if appropriately taught, can make a considerable input in areas such as skills of living, com- 
municating and adapting to change, the teaching of science blone cannot make a rnajor con- 
tributioh to decision making. As was pointed out at the Nairobi Seminar on "Education for 
fiural Development in Africa", the scientist may address himself to problems such as "what 
is the effect of this partictilar fertilizer on plant grovvth?" and answer them by follovvnig~ 
proper research techniques in which opinions and views have no part; he cannot claim an 
exclusive role in ^nswering a question of the type "Should I put this fertilizer on my crops 
this year?" The answer to this question wi|l be affected by factors which are nbn-scien- 
tific, as well as drawing on the knowledge gained through scientific enquiry. It is nonetheless 
th6 responsibility of science educators to encourage tj^ communication of scientific infor- 
mation, thus facilitating thTstype of decision making. 

Planners of all kinds should be aware of this limitation upon the responsibility placed on 
science in development programme, and education planners in particular might like to 
consider how traihirig in decision-making might be included in the curriculum. 

Another kind of limitation is sometimes imposed on science teaching by curriculum 
planners Ihemselves. This has nothing to do with the nature of science itself, but is of such 
common occunjepce that it warrants mention here although it will receive further treatjnent 
wl)en we^jBOme to consider a curNculum model in subsequent pages.* if the science taught in 
the school is restrictied to the "manifestations" of science, i.e. the technology and the 
applications, and is not fiirhly based on the "process" of scientific enquiry, then the impact 
of such science on loi;»gTterm development will be restricted, even though it may be integ- 
rated and ppssessing scope, intensity and depth to considerable degrees. 

The' n€iW to devise courses covering the whole range of the sciences in a balanced way 
was widely felt some 40 years ago. The teaching strategy then devised was to develop 
"general science" courses. Such courses vvere co-ordinated suryeys of physics, chemistry 
and biology. Only rarely was there real unity in the presentation of the course. In some 
case? an attempt at unity was made through a "topic" approach. With some notable excep- 
tions the teachers failed to achieve any real integration in their teaching, partly due to lack 
of real guidance iri how to do this. Rarely did teat^er training courses prepare teachers for .a 
unified approach to. their teaching. 

Two advances in other areas provided the key to the production of sci^ce courses that 
are, in fact, integrated. In the first place it became clear that the major advances ip scien- 
tific resMrch are taking place in interdisciplinary areas— molecular biology, geophysics, 

biochemistry and astrophysics, to name a few. Such advances were c^ften the results of 
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'' methods and t^hniques developed in one scientific field being applied^to the subject 
matter of another. This emphasized the totality of science, .the fact that the boundaries 
which had formerly been taken for granted were becoming blurred and illusory. 

The second breakthrough cam6 in science educaticW itself when the first large scale cur- 
riculum projects developed new bourses in physics, chemistry and biology, and later in 
earth and space science. Physics was no longer a mixture of light, sound, dynamics, hydro- 
statics, electricity and magnetism. Physics itself became unified. The major concepts were 
identified. School childfen were introduced to the idea of building models to explain phe- 
nomena on the basis of existing knowledge. It could no longer be said that chemistry and 
biology vvere primarily concernied with encyclopaedic masses of facts. In each of these dis- 
ciplines some major [^nciples were developed as threats with which to weave a fabric that 
highlighted the methods and processes actually used by investigators in these fields. 

Integrated science teaching tjhus represents the next logical step in the evolution of science 
courses. As indicated by Chief Avyokoya in his opening address, the need was felt to think 
about "lienee as awhole as it'affects the child in the.totality of his environment." There 
is a variety in the methods of Achieving integration, but each course in its own way draws on 
the insights outlined above which were acquired during the last d^ade of curriculum develop- 
ment. Science teachers are becoming aware that they should concern themselves, above all, 
with the development of desirable attitudes to the natural world and to man's interaction 
with it. Some workers have identified the basic, fundamental concepts that can make science 
meaningful in a rapidly changing wprid. In such a coarse the teacher does not set out to . 
''.teach a concept'' Rather, he provides activities that give the children opportunities to 
develop concepts. Other scienc^^ educators have argued.that it is the processes of science that 
make it so important in our mooern world. They put stress on giving children opportunities 
to observe, measure, classify, interpret data etc.— in fact, all the processes outlined in Pro- 
fessor Fafunwa's Keynote Address. There are also programmes which emphasise the app- 
lications of science. In almost all courses, the child's own environment is use(^as the starting 
■point for the course and as the foi^s of much of the activity. 

Most of the recent integrated co\jrses involve all those>aspects. One of the schemes exffends 
• the concepts and processes to the search for patterns. It is felt that this will lead to a better 
comprehension of science, that cl^ildren appreciate the gradual appearance of structure and 
order. In this programme^.the content is organized round three basic ideas, each one repre- 
senting integration in itself— building oiocks, interaction and energy. Another course that 
' also builds, on both concepts and processes leads- to model building. 

At the lower primary level, science teaching is inevitably integrated, the scope and inten- 
sity of the integration determined whollV by the child's interests and interaction with his 
. environment. At upper primary and low^r secondary stages, however, when the child's 
ability ta abstract arid coljiceptuelise is-developing, there arise questions of "approach" 
to science teaching. The approaches are sometimes classified as "enquiry", "conceptujil", 
"relevance" and "process" -with an "eclectic" approach drawing upon elements of all of 
them. They may all, to greater or lesser degrees, be integrated in scope and depth', the 
intensity of integration varying considerably. Is there justification for integrated science 
teaching at these levels on philosophical, psychological, pedagogical and practical grounds? 

Tfaditionally, the approach to science and related problems^has been analytical: this has 
been formalised in the traditional subject Syllabus. Pre-occupation with analysis has blinded- 
us to the vital role of synthesis and has contributed in large measure to the irrelevance of 
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much that has been included in school syll^i. Deeper understanding of 6ur .world pre- 
supposes involvement in both princesses, and integrated science teaching Is felt to be a suit- 
able vehicle for.them. On philosophical grounds, therefore, it is belfeved that an integrated 
approach to science teaching promotes the building of a more balanced world picture. J ► 

There are also.^ood psychological grounds, if itis^epted that the child's ability to 
abstract is developing rapidly in later primary and early secondary years. There should be 
no inhibiting of his freedom to experiment with concepts and groups of concepts: such ■ 
restrictions stunt the development of intellectual and.manual skills. An integrated science 
'teaching approach is believed to encourage this freedom. . 

On pedagogical grounds, the inclusion is justified in that it provides a teaching environment 
which stimulates "professional growth" in teachers. The teacher, by the very nature of his 
'yvork, is pursuing knowledge with his pupils. His important role In easing the transition from 
concrete to abstract is underlined: it gives teaching a new dimension and a flexible framewbrk' 
in which td flourish. The materials used under th«e conditions are of greater relevance and 
interest. At the "frontiers of knowledge", the approach is increasingly interdisciplinary and 
the school situation should reflect this. 

Practical considerations are that much duplication of effort and resources can be avoided 
and that it may be possible to relieve time-table pressures to some extent. 

On the basis of these considerations, therefore, it is possible to proceed to a discussion of 
the ways and means whereby a curriculum planner could introduce an integrated science 
component into the curriculum, using a model which would be adaptable to the circumstances 
of any particularschool, soci^y or nation. It is emphasized that curriculum planning which 
does not.pay due regard to political, economic and cuTtural factors within the society for 
vyhich the curriculum is designed is an academic exercise only. Jhe model shown in the 
figure is designed to identify possible common ground and to demonstrate degreesof freedom 
with in. the curriculum planning proce^. It is by no means the only possible m'bdel and it is 
unlikely that all planners would agree that a curriculum model should necessarily be three 
dimensional. . < 
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The three dimensions chosen here represent the three major factors thought to be of concern 
to curriculum planners:- 

1 . Processes of science • » * 

2. The child's intell^ual development \ 

3. Teaching content a <, ^ 

1. Various analyses of the basic scientific processes have been roade,*hotably that pre- 
sented as a basis for the American Association for the Advancement of Science 
"Science a Process Approach" programme. 

Prof^br Babs Fafunwa listed fifteen behavioural objectives derived from this prog- 
ramtpe in his key note address.* • 

2. The work of Piaget and other educational psychologists provides-a basis for a vertical 

axis scale on ti^ diagram and gives some indication of the child's limitations and 
potentials at three stages. It would be unfortunate If these stages were thought to be 
clearly defined: there is a merging arxl overlap which it is tiot possibfe to depict on the 
diagram. ^ • 

3. The "content zones" chosen for representation on the third axis are thought to 

comprise the "total" environment" which provides the centres of. interest for inte- 
grated science teaching. Each zone is dfiliberately.wide in scope, and inevitably there 
is some overlap, but It is desirable to work with a ^all number of zones. Content 
may be ba^ on: ( 

if) the cultural environtnent ' 

(ii) biology 

f (ilf) chemistry \ 

(iv) physics 

(v) other sciences e'.g. earth and space science 

(vi) technology . ’ ^ ‘ 

(vii) aspects of social science • 

Many topics introduced as suit^^e teaching materials will offer opportunities for 
different types of investi^tjons.' Fo|; example, '-?wood" will introduce biology-based 
content (trees, growth, natural function), chemistry-based (composition etc.), physics 
(strength of materials, etc.), technology (building etc.). 

As an example of ■die problems that face.a curriculum planner in integrated scierrce tea-, 
ching, a mythical African country is consider^ as a theoretical model. The more proximate 
goals of this country's government are expre^ the First Ten Year Development Plan which 
.provides for expansionof the social services, improvement of communications, moderni- 
zation of agricultui|e aiw the introduction of free and universal primary education. The 
Ministry of National ^Ucation In responsible for primary and secondary systems throughout 
the country and has translated the national aspirations into terms of the following educational 
objectives: . 

1. To promote the development of functional literacy and numeracy. 

2. To promote ^6 development of ah understending of the country and its culture, * 
enabling it to conserve desirable elements of its culture and transfomi others. 

3. To promote the rapid development of traditional manual skills In the light of modem 

technology. \ 

4. To promote the development of social skills. 


see Annex V 
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Some fundamentals of the c9untry's education programme 

» 1. The primary education system accommodates 25% of the children of appropriate popu- 

lation group; the secondary education system 6% ' 

2. There is a high drop-out rate in both primary and secondary sections, estimated at 40% 
in the former and 30% in the latter. 

3. Fees are paid at alHevels. 

4. Pupil/teacher rgtio is 50/1 at primary and 40/1 at secondary levels. 

5. . The secondary education system absorbs less than 1 in 5 of primary schobi leavers.’ 

0, The primary leaving examination dominates the curriculum of the primary school whije 
the External Examination Council syllabuses dictate secondary syllabuses. There is no 

intermediate examination between grades 6 and 10. 

7. The teaching style at both levels is traditional, formal and heavily subject-orientated. 

8. School buildings are generally Tudimer^ry, designed mainly according to the "train" 

;• plan with sejf-contained classrooms. ♦ ' 

9. Science teaching areas in schools are often inadequate. 

10. 50% of primary school teachers are untrained: theTemainder have had two years' • 
teacher education, with no specialist science content. 

11. In secondary schools, 20% of the teachers are qualified graduates, 20% ex-patriate staff, 
40% nop-graduate, 3 yeaf trained local staff, 20% unqualified staff. 

12.. The objectives of the country in integrated science teaching are stated as follows: , 

"Through science-based experiences, to promote the acquisition of functional knowledge, 
attitudes and skills associated with the imprqvemeht of agriculture, health and nutrition and to 
enable children leaving school to apply thesp to the improvement of life in their envirobrnent." 
Primary School Level 

Human Resources . 

A study of the country's education system revealed training ne^ on the part of ^e teachers 
at the primary level. Therefore, both pre-and in-service training programmes were initiated. 

The pre-service training was done through the teacher training colleges. The 'lienee tutors of 
these colleges were the first to be orientated by those concerned with development of the new 
curriculum. This orientation involved encouraging the participation of the tutors in the actual 
process of developing new teaching materials. In-service courses (vvorksh'ops) for practising 
teachers were also arranged at centres up and down tlie country. All these courses were of a 
practical type, v»ith the feachers themselves actively earthing out the practical work. Some 
’-teachers were also involved in the actual production of teaching materials. 

Material Resources 

The new teaching materials produced were rpainly teacher's guides and some science readers 
for the children. These materials, as noted abo^ve, were prepared by practising teachers and 
scieneb educators. The writing group first decided vvhat topics. were to be covered, oh the 
• basis of what they thought were of interest to children and suited to^ejr particular stage of 
intellectual development They then went to actual live classes with^e materials necessary 
to teach the topics. Thebe materials were then presented to the children who were encou- 
raged to interact with them, while members of the writing group observed what went on in 
the class. The ways the children interacted with the materials then suggested the approaches 
to be adopted in providing learning experiences for the particular topics. - • 

Unsa^sfactory materials were modified, and topics that were not of interest to the child- 
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ren were abandoned. Thus^ materials produced derived from observed interests and inter- 
actions of chijdren. This' ensured that selection of topics and learning experiences was learner- 
screened. This meant that the learning experiences were appropriate to the group of children.^*; 
None the less the materia|s*werfe also tried out in'other places, after prior workshops for 
partijiipating teachers. ‘ . - < • 

Other pieces of material and equipment derived almost entirely from the school and com- 
munity. Therefore, there was no problem of a financial barrier to the irhplementation of the 
programme. Further, the type of teacher-pupil interactions demanded’by the new programme 
only involved a re-arrangement of benches and desks to facilitate group work; interchange of 
ideas and free movement among the children. Thus the physically passive learning environ- 
ment of the'traditional. self-contained classroom was transformed into an'^ action learning ^ 
environq[ient'.Where the children learned by doing, ft was also necessary for the teachers to 
provide all the materials required for exploration and learning. And because the materials 
were deriv^ from the environment, this implied an integration of the school with the 
community. 

Implementation ' 

In the new science programme, there was a change-in the teacher's role which.became 
supportive rather ^han preteriptive. The classroom climate was democratic, the support 
systeip (equipment, materials etc) became extensive and responsive, and the teacher indeed 
a stimulator, a resoured^ and fellow participant facilitating children learning. A typi^l lesson ■ 
of this programme would show children interacting with materials ancj one another, working 
either individually or in small groups, so. that much of the children's learning was self- 
directed, the ultimate goal being to promote autonomous learners who would be able to 
carry on their own exploration and learning with a -minimum of direction. In other words, 

the children were being trained to take responsibility for their own learning. ' 

Evaluation ■> . 




If the instructional objectives are the behavio'urs we want the children to acquire from the 
learning opportunities provided, we may wi^h, ideally, to determine how much of the 
behaviours have'been actually acquired at the end .of the lesson. This measurement of change 
(if any) is evaluation. The process is made simple by our identifying and specifying the 
changes prior to the learning experience. Evalliation provides the learner information about 
his progress, as well as the teacheir who rtiight provide remedial experiences if need bk 
A WORLD PICTURE .' . ' 

The diagram below was an attempt to represent the environment schematically and in a 
manner likely to encourage the selection of fj^rnes and topics for use in integrated science 
courses. It may be noted that many interrelationships are not shown, yet those which are 
present tend .to encourage recognition of the similarities which exist in all living matter. 

Man, basically an animal, centrally a "thinker-doer" is enveloped by his own t^hnology by 
which he most cpmonly interacts with his environment. Might this type of world picture 
be of the kind which one might hope the child yvould develop through his science education? 
Junior Secondary School Level ^ . 

Many of the problems with regard to human resources, material resources, andpurriculum 
implementation and evaluation were comparable to those at the primary school level. An 
extensive programme of curriculum development and teacher re-training was embarked 
upon. A two-year integrated science teaching programme was drawn up which continued 
the topic-based approach from the primary* school, but which placed an increasing empha- 
sis on concept-based teaching materials as the pupils progressed. 
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THe following content areas were selected for the two-year programme: 


1. Our Foo<f 
-Typw 
— Origins 
— Production 
— Preparation 
— Benefits of Food 

' 2. ' Food for other organisms 
— Plants 

- Animals (Insects, birds, fish, eta) 

- Micro-organisms 

A WORLD PICTURE. 

1 

3. Our Senses 
— Sight 
— Hearing 
— Touch 
— Taste/Smell 
‘ — Kinaesthetic 

4 

[a potsibi* 

aid For ' StUction of fopict 

oivsd theimef]) 

COSMOLOGY. 

~ MOON 

SPACE 

SUN 

PLANETB. 

ASTRONOMY. 

^ STARS. 

> p - 

LIGHT 1 energy. 

J 

MEDIUM FOR .ATM^fSPHERE. 

-TRANSPORT > 

^COMMUNiaTlOM AND LIFE' ’ 

1 

METEOROLOGY 
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COMPOSITION 

EARTH. 

ENERGY store. 

FORMATION. 

land/ SEA. 

■ e 

• 

CHANGE. GEOLOGY 

ECO.LOGY. 

MINERALS 

ROCKS 

SUB-STRATA. 






V 
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4. The Weather 
— Wind 
— Rain ' 

— Sunlight and Heat/ 

- The Effwts of Weather 


' 8, Energy 


9. Man— A, Machine 
— Function of parts 
— Growth 
— Regeneration 
. — Reproduction 


Our Energy 

— Other sources of Enei^ 

— Using Energy' 


5. Shelter ^ 

— Materials 
— Tools 


6. For(^ 

- Pushes & Pulls 
— Magnifying forces 
— Using forces 


/ 


10. Building Blocks 

— Are all things divisible?, 

— Building more complied 


things 


7. Movement 

— Mechanical movement 


— Movement in nature 

As is so often the ca^, the content headings and sub-headings given above reveal little of 
what was intended in terms of classroom activities. Throughout the ^rograitirpe it was int&hded v» 
that the student should exploit the materials found in his environmentin -the process of enrich-^; 
ing his insights into his physical environment and expanding his personal1/^rld picture. The 
area l.-Our Food, for example, provides opportunities for collection, observation and (^lassi- “ ■ 
fication of foodstuffs. These processes may range frpm those based on superficial exafmination 
to those dependent on investi^tions leading to an understanding of ‘the types of foodstbffs re- 
quired fpr a balanced diet- Aspects cf Nutrition and Agricultural* Practice may be associated 
with' the work. 

Area 8— Energy, propos^.for a later stage in the programme, is concept based, and whilst 
rarting homocentrically, develops to encompass exploitation of energy sources, natural and 
rontrived, which are parts of the pupil's environrrient. Area 9 Man— A Machine offers the con- 
text fpr further wprk pn fiygiene and the intrpduction pf basic sex education. Here one ntight, 
expect midwives to be used as resource personnel and visits to ante-natal clinics to feature - _ 
amongst the activities undertaken. 

It will be noted that while ten topics have been ^identified for use in the two year programme, 
no time allocations were given. This absence of allocetions. represents a degree of freedom of- - 
; fered to the teachm. Different groups of 'children with their teachers, will find differmt topics 
> of particular interest. Vttiile this interest is sustained and accompanied by fiew inslghtskailll} pi& 
ducth^ activity the work should continue. Thus each class will "personalize" its own science 
programme and yet experience a defined range of materials and lekming experiences designed 
to implement the stated behavioural objectives of the coui^. ^ 

' I n the description of a lesson which' follows, it.will be noted that many\tifferent activitigi' - ■ 
might have taken place. The description is in outline only,..so as to perinit me -reader to re- s 
fleet bn ^ opportunities lor creative thinking offered iby the classroom situation recounted. 


(CK An- Intagratbd Science Lesson - ^ 

B ack gro u nd; T?ie lesson described is one of a series on toe top Iter- Materials" takii^ 
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place towards the eruf of the first year of secbndary education. The class consi^ of 40 boys 
ar^ girls (ca. 12 yrs.) and ^e lesions take place in an ordin^ classroom furnish^ with wooden 
desks and .chairs. The teacher, a qua.Iified non-graduate; has a few years experience but no * 
pre-service^raining in the techniques of integrated science teaching. He has attended an in- 
service coUf^'on the programme being taught and is supporiki by a print^ resources book 
which provides both a discussion of the philosophy of the coutw and a detailed discussion of I 
the topics and their development, and includes suggestions for s^tarting points and exploitation 
jbf local materials. . < ' ' 

The cla» has previously undertaken a survey of the types of shefters found in their town/ 
village and s^qoI— from storage shed to hospital. Each type of shelter has been discussed, its 
functions analy^ and its shortcomirtgs identified. It has emerged that different shelters are 
composed of different materials, and the class is to continue its work by ^vestigating these 
materials. , y 

Lesson Objectives 

1. To observeTand report precisely and objectively. ' J- / * 

2. To Categorize ntaterials by function; e.g. roofing ma^rials, wall mat^ials, window 

materials, etc.. * • , ^ 

3. To design and use experiments leading to a better understanding of the physical properties 
of building mat^ials. 

4. To develop an understanding of the problems solved wh|n building a shelter. 

6! To exploit their command of English (medium of instruction) as a means of sharing 
experiences and insights with others 

■A variety of samples bf building materials have been assembled in the classroom. Thd> v , 
student's notebook; contain descriptions of local shelters examined in earlier lessons tog^er ^ 
with sketches ^hd notes on consthjction. , • , . 

The teacher invites the class to suggest means by which the m^erials collected may be grouped. 
Once the problem has been posed he drops his dominant role adopting^} role as consultant .A 
few rhinutes of class discussion follow, as a result Of which proposals to group materials under 
the following categories emerge-(a) local materials, imported materials; (b) plant materials, 
m^l, stone, mud, etc.;'(c) wall materials, roof materials, etc. These youpings are discuss^ 
and interest is shown in plant materials, wall materials arid roof materials. The class is then 
encouraged to undertake further work, examining ^ese materials in order, to learn more of their 
properties. The teacher wishes to-stimulate investigation of the following questions: 

Pland materials— are all plant matkials useable? * • 

—what parts of plants are niort often iised? 

—what physical properties have these materials? 

• e.g, strength, waterproof nature,- long life, etc.*^ 

Roof ma^als-what properties inust roof materi^ h^7 

—how well do.the materials examined match the ideal requirements? 

-are ail equally good for all roofs7 ' 

Vitally materials —what physicai properties do the materials available have in common? 

\ —are all equally suitable as wall. materials? 

\ * — hovfr are local matertels pi^red? . 

These que^ons are not asked directly of tha groups of childreowho have novv clustered 
around each of tee three categories of material, initially student activity is limited to disdision 
and superfidal examination/handling of "familiar" materials. - The Plant 'materials group become 
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interested in the different types of wood— one type being identifi^ as being "termite-proof”; 
they are encouraged to find out if all the various woods present are equally strong— a range of ex- 
periments are undertaken; some crude, base^ on a more thoughtful, sophisticated 
approach. The Roof materials group thim^at rain-proofing and shelter from the light and 
heat of the sun are the most important properties of roofs and are encouraged to check which 
material provides best protection from the sun— they move outside the classroom to start their 
work. The Wall materials group have identified the need for walls to be either unaffected by 
jvater, or protected from It-an experiment to find the effect of standing a piece of rnud brick 
in water is initiated by th6 group itself. 

As has been the case throughout the year, students are encouraged to make notes of 
"significant findings" in their science books. FulJ sentences and correct use pf language is en- 
couraged. . ' ' . 

The lesson draws fo“a close as the various groups are asked to show each other the activities , 
which have been undertaken— discu^ion and suggestions for further investigations emerge, the 
teacher noting them on the chalk board. The teacher retains his role as consultant throughout 
this interchange of experiences whilst stimulating a critical approach to information supplied * 
and conclusions drawn. Before the end of the lesson tlje groups select from the proposed 
future activities those which interest them and seem likely to add more information and in- 
sights to those already gained about the m^rials and their properties. The Plant materials 
group want to find out whether plyvyood i^st'ronger than bulk timber. (They have selected 
a difficult topic and vi^l need help here,), ^he Roof materials group want ta know why - 
galvanised sheet is corrugated.,. The Wall materials group want to know how Strong various 
materials are when. "squashed" (i.e. under compression.) 

These topics arejipted.by the teacher who will arrange for "useful items" to be available 
for use in.the classroom during the next lesson— a resource for, the pupils in the development of 
experiments and tests. (Here the teacher is greatly supported by his resource book' which sug- 
gests means by which the strength of materials may be tested when under compression^nd In shear- 
local materials are indicated which may be incorporated in test rigs devised by the children.) 

^ The lesson described above took place in thi^absence of a laboratory. Without electricity, 
sinks and taps, or a gas supply. The teacher, as yet unskilled in the techniques of this style of 
teaching, found considerable support in his teacher resource Book, not only in terms of backr 
.ground information but ajso as related to the approach to be adapted tind the pat^rns.of 
activity to be encouraged. He had previously beeamade aware of the various roles he.might' 
adopt in the classroom by the experiences and discussions associated with his in-service train- 
ing. He still "leads" the class rather strongly, yet they already .bpve the freedbr^ to adopt their 
approach to the environment rather than being-completely restrained by the teacher's dictated 
and pre-dispositions. The classrom was "enlarged" by the use of the scnBol yard for one 'of the 
group's experiments and by the recent visits to local shelters— homes, stores, etc. The work ‘ ' 

in science has thus been tied to the life ofvthe community and the pupils' homes. 

Whil^, as'yet, there is no great emphasis.on the principles of science, concept and con- 
ceptual structures, processes and«skillsare actively being utilised and developed. Most im- 
portant, the students are-establishing a history of experience in which they interacted with 
their environment in a productive-fashion, gained insights which relate well to everyday life,' 
and are learning that "success" and "failure" are relative terms rather than absolutes— Reflect- 
ing the usefulness of their achievements 'when viewed in terms of their own objectives. 
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IV SCIENCE TEACHING MATERIALS, EQUIPMENT AND FACILITIES 






Introduction ' , 

The basic premise is that instructional materials, aids, equipment, and the physical 
structures should.be designed and developed to serve the general purpose of Vacation 
Wilkin the framework set out in PART III of this report. As'express^ in'Part lll, the 
ultimate aim of education remains relatively unchanged, but the' operational objectives 
which serve as a process of aittaining it need to change because environmental conditions 
have not remained static. There is also a recognition of the fact t|iat integrated science 
teaching is related to all phases of a person's life including the biological, physical and' 
cultural aspects of his immediate environment. To illustrate: an investigatory look at an 
object or group of obj^ts from the environment (e.g. a stone, wood, a calabash, or any 
object of interest) may lead to explorations that relate to the chemical, historical, distri- g 
butional, biological, and mathematical aspects as well as to artistic cultural, and linguistic ' 
significance and attributes. The suggestion^ that follow are basedon this premise. 

Audio-Visual Aids 

Within the framework of integrated science teaching, activities that take place in learning 
situations are centred around concrete objects (instructional materials) which help to 
trigger curiosity.' The selection of sqch materials might be unstructured, as it is at the 
primary level, dr guided by an awareness of an organizing theme on the part of the teacher. 

In the main, however, the selection of appropriate materials depends largely on the teaQher's 
use of his/her ingenuity and flexibility, and upon the demand of the situation as he or she 
perceives it' General considerations would include the following: 

(i) the materials should be selected from the students'^immediate environment; 

(ii) they should capture and hold the students' interest; 

(iii) they should be rich in potentialities for'inquiry activities. ' * 

The three points are illustrated in the case of a teacher who happened to bring into her 
science room a charcoal cooker made in the local village. Its presence in the science labora- 
tory sroused the pupils' curiosity and generated a great deal of inquiry activities and investi- 
gations into its ^ientific uses. The teacher allowed the studjojs to utilize the occasion to 
engage in mean'ing^ activities that had educationai significance. • 

Highly deVelodra technical and electrical devices such as television require proper main- 
tenance and repair facilities. Teacher education in the best use of such facilities is also 
necessary. 

Film projectors, slide and film strip projectors and other aids are not useful in their own 
right, but only in conjunction with the requirements of the learning situation and the physical 
facilities available. For example the slide projector is. useful only when the following have 
all been met: * . ^ > 

(i) . ^he slides to be shown are relex^nt to the learning situation; 

(ii) the slides can be clearly seen in the environment in which tKey are to be shown; 

(iii) the power for the light source is reliable; * • ^ 

(iv) spare parts are available; 

(v) the teacher can use thq equipment; 

(vi) the supply of slides is availabie when needed; 

(vii) adequate foreign exchange is available for the importation of the audio-visiiai 

materials. / ' 


Science teaching Materials and Equipnient. ^ 

For integrated science teaching to be effective at the primary and lower s^ondar,y levels 
the teacher's resourcefulness jn the development of materials and equipment miust be sup- 
plemented with the physical ability to put his requirements into |5radtice. To achieve this, 
the following local and national assistance is desirable> ' ^ 

1 . Teachers' Centres . 

Materials anirSquipment development vvould be greatly enhanced by the establishment 
of teachers' centres. Such centres provide facilities where teachers can construct equipment 
and apparatus, develop instructional materials and share common experiences and ideas. 

There would be trained laboratory personnel staffing the centre, either full or part time, yvho 
wouldassist teachers in basic techniques of construction. A teachers' centre cannot func- ' 
tion effectively without a flexible adrhinistrative set-up that facilitates expeditions procure- 
rpent and utilization of basic materials and needed funds. / - . 

2. A National Curriculum Development Centre. 

The above-mentioned comments on teachers' centres in no way preclude the existence 
of a national centre for curriculum developnient; in fa^. teachers' centres can hardly function 
^effectively without the National Centre. The National' Centre is not viewed narrowly but 
more broadly to include an equipment production sedtion, which would be part of the gengiilil' 
curriculum renewal effort. Thus the Natjonaj Centre would cut across Ministry bpundarie^to 
be linkki with the Ministries of Development, Works, Economic Planning, and others as app- 
ropiriate, as well as with the Ministry of Education. In countries comprised of large states or 
provinces, or regions, it would probably be desirable to have such cehtres at state levels also. 

3. Printed Materials 

- Limiting consideration to the primary and lower secondary levels, there is a need to involve 
the national curriculum development centre as a facilitator in the development and production 
of printed materials within the contexts described below. 

(i) hri the ideal situation a teacher would prepare written materials within his or her own 
school in collaboration with his dr her colleagues across the curriculum subjects. ■ 

(ii ) In cases where teachers cannot handle this task. Workshops would be organized. The 
purposes of these Workshops would be to familiarize teachers with integrated science teaching 
and to give them guidance in preparing written and illustrated instructional materials for 
themselves. The Workshops could involve teachers of one schdoLonly or teachers from a few 
school^ or selected teachers f^om various parts of the country. The writte'n materials wpuld 
be used on a trial basis and would continue to.be improved. 

(iii) For practical purpose at this time, some illustrative teachers guides could be prepared 

and teachers would be invited initially td draw upon them to suit their own situations. 
Subsequently, teachers would\move progressively to a point where they could prepare their 
own guides. The national curijiculum development centre and international education deve- 
lopment agencies would. cooperate not only to facilitate the availability of iljustrative teachers' 
guides, but also to^serye as a continual motivating factor in helping teachers.percelve their ex- . 
panded roles and competencies. « 

(iv) In the case of the lower forms of the secondary school, the teachers' efforts would lar- 

gely follow guidelines on curriculum iteim prepared by the appropriate,au|hority. In the case 
of the primary school, however, there wouhlbe 90 such guidelines and the starting point would 
be concrete objects which have captured and aroused the pupils' interests. - . 
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There is no apparent need for prescribing a students' textbook at either the primary or 
lower secondary levels. By textbook in this context is meant a required class book which is 
used by all students, at the same time, for the same purpose under the teacl^s supervision.- 
Instead of a textbook there should be a Resources Centre in the school confining all kinds, 
of materials suitable for use by students and by teachers. I ncluded in the Resources Centre 
would be teachers' guides, student^ books, reference material, charts, books on local plants, 
animals,^ customs, etc. The Centre would be easily aAfeuible to bbth students and teachers. 

In both primary and secondary classes there vvould be n o work books for students. Work- 
books as they exi^to-day are too structured and d iscou racjj^creative investigations on the 
part of^udents. "A more flexible approach yirould sugg^ tnat the Resources Centre should 
also contain loose paper of all kinds: ruled sheets/ unruled she^s, tracing paper, drawing 
paper, graph paper, etc. as well as chalk and crayons of various types. Pupils would utilize 
theseVnaterials as the need arose. 

4. Eqijipment Production 

> At^the primary and low4r secondary leveJ equiprnent construction is child-centred and, as 
previously expres^d, depends upon the teacher's resourcefulnesses much as does the develop- 
ment of prints materials. Financial aid should be directed towards providing'bi^Mc.const- 
ru^ion equipment such as hand \ools end raw materials rather than finished goods. Advice 
and expertise should be ayaila.ble from the National Centre and local Teachers' Centres. ' 

Local expertise such as that of other professionals, carpenters and. other craftsmen should 
be used as the occasion demands, e.g.<to produce items including those shown in the 
sketches. • , ^ ^ „ 

The emphasis on'production of appropriate prin);ed materials and equipment implies that 
• the Government of a country needs todirect e>tternal aid towards the development of local 
industry.-- r ' \ 

5. School Buildings . . ’ ' ' ^ 

Nevy Facilities . . '< 

The ^ablishment of new facilities assumes a number of basic considerations for 
the development of prototype buildings for primary and lower secondary classes:- 

(i) Site 

The entire site should be developed as an educational environment. '' 

(ii) Integrated Curriculum . ^ 

The area should be developed within the context of integration gf the entire curricu- 
lum; but for the purposes of this document only the' integrated science area is developed and 
linksto other subjects merely indicated. . / ' 

(iii) Outdoor Teachingk 

The building should cater for outdoor e^ctension of learning activities. 

(iV) Extra - Curricular Activities. > , ' 

Provision needs to be made for extra-curricular activities siich as science clubs, 
community health and nutrition programmes, generakagricultufe, etc. ' 

Mv) OpenPlan.- " ' ‘ ' 

|t should be as 'open'^as possible even if that implies absence of vvalls; but there ^ 
should be lockable facilities for storage, and protected space for continuing projects. 

(vi) . Central Resources and Workshop 

/ ■ ~ There should be a centrally located resources area 'and workshop-which would be 

; easily accessible to teachers and pupils. 

i| ' 
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(vii) 


(viii) 


(ix) 


(X) 


\ (xi) 


Uie of Structure for Aids • ^ 

The structure should be such that the use of aids can easily be facilitated e.g. by 
ceiling attachments. 

Animal Area. * 

An area in which to keep animals should be'provided and it sh'oMl.d be observable 
from inside and outside the integrated science area. ' ^ 

Demonstration and Production Gardens. 

The integrated science area should be related physically to demonstration gardens 
and plots suitable for large-scale production of crops. 

Student Groupings 

The teacher-student ratio in the example given is 1 :40. The entire area should be 
suitable for students working in pairs or in groups of 8 to 10 in number. 

Resource Materials. 

Resource materials should be supplied tp cater for immediate use in continuing 
project work i.e. books, .tools and basic raw materials. 

Student Project Storage 

The provision of secure storage space for contmuing project work mu^ be supplied 
for students to ensure continuity. " / 

Large-Scale Demonstration Aids Outdoors. ^ < / 

The provision of such aids should be made to allow for meaningful 'play*group' 
activities, at beginning levels. / ' 

Unstructured Discovery Area. / 

In conjunction with Outdoor demonstration aids, an unstructured area should be 
provided for an individual to develop his own activities. 

Portable Teaching Equipment 

The eqdipment provided should be of a portable, mobile nature, e.g. apparatus 
trolleys, movable fow-partitioning; chalkboards, storage bins, etc., so that the teacher 
can effectively' use the equipmerit as the occasion demands. 

Community Use of School 

' The facilities, of the school should be such that the school can effectively serve 
as a "community centre"\in the realms of mass communication. 

Deck and Stage Are<a ' . 

The Irregular structure of the deck and stage area offers teachers working witt'in 
the iritegrated.school^curriculum possibilities for thany varied activities. 

Existing Facilities. 

To move towards a suitable envlronment for integrated science teaching it is possible to 
analyse and altar existing structufes and 'open*up' the teaching area. The approach neces- 
sary ethbodies:* 

„ (i) Examination of the existing facilities and timetable to se^ areas of more effective 
utilization. . . - 

(ii) Modification of.existing buildings to increase this effective utilization: for example, . 
convert 3 general classrooms for use In Int^rated Mience teaching (3x600= 1800 sq. feet); 
increase the utilization within the 3 sbience spacei^ from an average of 60% in most existing 
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V' TEACHER EDUCATION FOR THE INTEGRATED APPROACH TO SCIENCE 
TEACHING 


1. Aims , 

Education has for too long been concerned with rote learning, stressing the accumulation 
of Actual non-changihg information. In a society undergoing social, economic and tech- 
nological changes, people must be able to cope with these changes and seek plesirable alter- ' 
nativjBs when necessary. It is apparent that the present system does not yet meet, this need. 
An education is required that replace rote, static and exaitii nation-centred learning with a 
dynamic prpc^ of preparing individuals for change and helping them to develop their 
self-concept (i.e. self-confidence plus acknowledge of one's limitations) and ability to think 
critically. 

To this end we need to train teachers who will be agents of social and economic change. 
The training colleges must equip them with academic competency and underhanding of 
the relevance of the education they acquire and transmit. They must be allowed to develop 
a commitment to, and enjoyment of the benefits. of science for themselves first, and thus 
communicate this in their teaching. 

The stress^ however, should be to prbvidean environment in which the prospective 
teacher vyill be exposed over a long period to experiences in scientific processes of in- 
quiry and situations which will promote the development of attitudes which complement 
those processes. There should be opportuniti^ to understand the values of the various 
methods of working with children. These, coupled with art appreciation of childTlevelop- 
ment, are invaluable in the process of encouraging the individual child to realize his full 
- potential. 


We-shoul^ recognize jthat science education iii our schools has theadvatitage of easily, 
and in, a very natural way, using materials as the foundation for real and first-hand exper- 
iences in acquiring the nec^ry attitudes, knowledge and-iskills which are a^)rerequisite 
for the individual to function effectively as a member of his community. Emphasis should 
be placed on the irnportatice of "doing science" andvgpt "talking science". 

As realistjc dutcpnvKl the practising teacher can be expected to regard his education as' 
continuous, thus assuriHng the role of a co-learner in an ongoing processand presenting 
this attitude to his chifmen. He will use the environment as resource materials for lessons 
in science and thereby/develop creativity through AWARENESS OF NECESSITY. The 
concept of a dynamic curriculum, constantly undergoing change to keep pace with the 
society, should be present along with a commitment to effective teaching. The teacher 
must be an agent for change. ^ 

2. Objectives , \ * * 

The general objectives of science teaching in the teacher training colleges may be listed 
under one of three headings: 

Thinking processes 

- Attitudes and interests ^ - 

Psychomotor skills ‘ , 

Thinking Processes to help student-teaphen:- 

i. To acquire scientific knowledg^through the method of jnqpiry and experimentation. 

ii. To promote an understandingof natural phenomena, 
ill. To use local experience. - , 

Iv. To communicate with children. / , 

, V. To foster scientific ideas. ' \ . 
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Attitudes and InteHests to.help student-teachers:* 

i. Provide an environment for children in whtch an ihtere^ in science can be fostered. 

ii. Develop a spirit of -independence, and an ability^o solve their own problems: to assist 
primary school children to attain these same goals^-' 

iii. Develop the awareness that the response of "I do not know" can be a valid answer to 

some questions posed by tlieir pupils. •- , 

iv. , Acquire the habit of careful observation. 

V. ' Acquire the willingness tOvimprovise. 

vl; Develop the attitude of bringing into conscious and cl^r perspect 
would otherwise arouse no interest or understanding. - 
Psychomotor Skills • ’ 1 • . ' 

To enable the ^udent-teacher devel o^|g rtain manipulative skills. It was stressed 
throughout the dfscussion that the aims a v^hjectives of the teacher training colleges 
should be selected so as to.complerhent those of science education in the schools- 
In order to initiate a prpgramme designed to encourage the personal growth, of the student- 
te%her as related above, the following i&.given as an example jof suggested activities which , 

• V » ■ * 

might be spread over the initial period of the student-teachers' college life. ' 

(i) During the first few meetings initiate relationships ‘between themselves and yourself as 
tutor. Arrange theth in an informal group, through discussions arfti activities to find put 
al)out themselves/ the tutor and their new'tenvironment. This. gives them a chance t^ becpmq 
aware of themselves, what they have cpme to do, where they are, ^d what they can expect. 

(ii) Tak? them out into their new environment which includes thejcollege, local town or » 

village, tnarkets and other places of intere'st and activity. Attempt to make them aware of 
their environment by' demonstrating at least one use of the environrr^ent, after which the 
student-teacher should be encouraged to select and develop his own example. ’’ 

(iii) Give them the opportunity to participate in %hobl life, not to t^ch, but to assist a 
competent teacher already in the School who vvill guide and direct thar work. This is a 
time for the student-teacher to become aware of the child through interactigojlrith him. 

(iv) Provide the opportunity foj the ^udent-teacher to'recognize the need'to know nhore of 

the child and the environment. . . ^ 

With, the above approach the student-teacher will be better prepared to understand'and 
expedience the importance of providing learning situations which try to develop the fjill 
potential of theJndividual through participating in activities. ^ 

• The following exerejsa Discovering Puddles, was developed to illustrate'how a topic ‘ 
approach can be multi<li!ciplinary, or in this case inter-disciplihai:y,'in the sciences. Its actual 
use is open-ended in that the depth of the investi^tion is directly dependent upon the back- . 
. ground knowledge, and skills of the individual investigators.^Therefore, it might be u^d at the 
primary school level, teacher training level, or the doctoral level. In this instance, it was used 
as a vehicle to explore possible models for educating preservice and in^rvice science teachers. 

DISCOVERY OF PUDDLES 

ITEM OF INTRIGUE: > \ ' . J . 

Manufacture one or more puddles (small pools of water) if none are imm^iately avail- 
able outside. Place the puddles in a location in the room v^ich allows iPor ma^^'um 
observation by 'the participants. This should be done prior to the beginh^ of the ’ 
session. . • ' 
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IMAGINATIOM development • 

Exercise the creativity of. the group by haying them close their eyes and imagine a puddle 
they have seen in the past. Direct them to expand this visualization by ^ying their puddle the 
attributes of: ^size, shape, dep^, colour, smell. Further expansion results from imagining 
activitfes centered in and around the puddle. Include floating or suspended objects as well as 
live organisms. • " 

OBSERVATION . .. 

(Eyesopep) Examine the provided puddle thoroughly. Compare the attributes vvith those 
of yoUi^imagined puddle.^ Think of hpvv you wodid change your puddle, What would you' 
a'dd -What vvould you remove^? . • 

To a^ure total verbal participation, ask each member to describe how his puddle differed 
from the puddle provided. , 

Record their puddle observations pn the board.'^ ' 

REFLECTIVE THOUGHTS ABdUT PUDDLES 
What questions can the group ask aboutthe observed data? ' 

COLOUR " ^ 

^ What^colour is the puddle?. • 

What causes colour? ' ‘ 

How can We change the colour? 

Can we tell what is in water by colour? 

DISSOLVING POWER 

Can we add thipgs tb water that become invisible? 

Are there any things in water thatcannot be seen? 

What could you add to water which would become invisible? 

TEMPERATURE . 


Does the temperature of water effect the properties it has? 
(boiling— ice) 


EVAPORATION 

Where does water go whert it is heated? 

. How copid you prevent water from disapearing? 


CALORIC PROPERTIES 





•Why does it take so long for a fire to heat water, when it would imniediatejy heat one's 
hand? . 

OPTICAL PROPERTIES . ^ 

• Why do things look larger when they are in the Water? 

Can water rnagnify the size of things? 

What happens when a living organism's size js magnified? 

. Is it heavier? 


LIVING ORGANISMS . 

What is the scope and size range of organises ^hat live in water? 
How do puddles affect our health? 


. ORGANISM DESIGN " 

How is it possible for some organisms to live in water and some not to? . 

How can some organisms live part of their life on land and part of their life in water? • 
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Can man live in water? , 

What woufcl man need in order to live in water all of t{)e time? ' * 

COMPARISON CLASSIFICATION 
What lands and ^pes of puddiK do you see throughout the day? 

DEFINITION 

Is ^ lake a puddle? A 

Is an ocean a puddle? ^ 

Is a river a puddle? •. • ^ 

What is necessary before you can call something a puddle? 

CHANGE - 

Do puddles change with time? 

What factors cause puddle to change?^ 

TYPES OF USERS 

How many different types and numbers of organisms iise puddles? 

USERS ^ <4 

What uses do organisms make of puddles? ' 

NO PUDDLES 

How would a world be different if it had no puddles? 

Do we need puddle^ in order to live? 

WORLDVIEW ■ . ^ • 

What do puddles have to do with us, our families, our country, other countries, our world? 

Do some countries have more puddles than other.cduntries? 

Do puddles effect the' way we live? 

OUTER SPACE V 

Could there be puddles in outer space? ■ . > * 

If there are no puddles in oUter'space . . . could we make sorne? , ~ 

UNEXPLORED AREAS 
What new types of puddles could man'create? a 
What new uses could mankind for puddles?^ 

INVESTIGATIONS . 

Participants, after using their imaginations regarding puddles and actually observing the at- 
tributes of puddles and doing some reflective thinking on those attributes, are ready to attempt 
to answer some of the questions they haVe asked, through experimentation. 

^ Assistance vyill be required to organize the many investigations. The sociology of puddles 
history, evaluation, mathematics, poetry, literature, etc. could also be correlated with the 
science investigations, * 

REPORTING AND EVALUATING 

" In this instance, participants were asked tb examine the benefits students gain from sharing 
with their peers the.results of thejr investigations. These should be pre^nted in an oral and 
written manner, thereby allowing participants to increase their communication skills; 

The entire experience allows for development in the areas of imagination, observation, 
questioning, design of experiments, evaluation of data, as well as an exercise of communication 
skills. ■ ’ 
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Combining the Topic and Process approach, allows exploration in all subject areas by a 
group, and the acquired knowledge is integrated into a framework of interrelationships that 
the group has explored. 

The milieu of these exp^iences should be such that they encourage future questioning, ex* 
ploration, and association of ideas and concepts oriented toward the future. 

Teacher q^lucators need to examine each topic they choose in light of: learning theory,- , 
educational soundness, types of knowledge acqujred, time, and equipment needed. 

Puddle experiences isan ^breviat^d illustration of what can be done with nearly any topic. 
Teachers could also choose topics in such a way that they emphasize particular areas of science 
more than'othere. Thus a well rounded topic approach would expose the student to all areas of 
'science. ' 

An example of a more structured approach which might be used in the education of teachers 
of Integrated Science for the junior classes of Secondary Schools. 

The starting type of such^ topic would be the students themselves. ~ 









A,B,C,D, are four possible key questions) any one of which might be extended as far as the 
student and teacher educator may. wi^. . , 
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For example consider an. extension of D. *How strong are we?' 




Section D 1 ('How strong^are we?') rnay include such investigations as:-> ^ 

1 . What is the maximum force we can exert between finger and thum^ (Who Is the • 

biggest pjncher?) * 

2. Who has the strongest- grip? What is the value of the force applied? Is grip related to 

our' performance as a games player? ' ' ^ ' / t ;. 

3. Who has the strongest hug? "" 

4. What is our maximum pushing force? ^ ^ 

5. What is our maximum pulling force? '*7 

6. What force can we exert with our leg? Is this force the sarhe for the left leg as it is for 
the right? 


. -i 

• « . • V I 





44 




• / 


. .-.v...-* 






Students at this stage will be obtaining a real feeling for forces and an appreciation'of their . 

‘ magnitude in'NEVVTONS. 

7. ! Can vye make our own standaiti Force Measurer, and a Push-Pull measurer? 

Students would make these two instruments from local materials (i.e. we are improving their 
psychomdtor skills). 

8. Use the instrupients made above to investigate ten common pushes and pulls that we 
exejt in everyday life. 

9. The ^rth's puM'cogld now be investigated. . 

. (i) Let a block fall to the ground. Why does the block fall? 

/ (ii) What is the value of the earth's pull on the block? 

' , (iii) Would .i^e moon's pull on the block be more; the same; or le%? 

> - Mivli'WoulH the earth's pull on the block be the same-all oyer the earth? 

. (v) WhaliS^he.eaiW's pull on this chunk of matter labelled 2 kilograms? 

. < (vii) What would the moon's pull on th^hunk of matter be? 

(viii) Would the Chunk 6f matter be different on the moon? i.e. will there still be 
2 kilograms vvOrth? ' 

In.ihe above the students would be differentiating between MASS'and WEIGHT without 
<.using the words. . . • . 

. The rpodels of teaching approach given above illustrateja . distinction between a less structu-, 

. red add a more structured approach to teachfng using an ihtegrating theme. The models can be 
. used and.devejoped in the preparation of teachers for either the primary or secondary school. ^ ; 
However the latter model was deyelbped to illustrate a'probabfe teaching approach at the ‘ 
lower sMohdary level. ; • ^ ‘ ‘ 

It was felt that the step towards integrating the sciences was'towards the integration of the 
school curriculum as a whole. This represents an exciting idea for future.curriculum develop* 
ment in the secondary school and it is perhaps exemplified iri the model of the school build* 
ing found earlier in the report. 

In order to prepare teachers-of integrated scjence, a course could be structured so that the 
* student*teache'r follows a Foui^ation Science course for say the first half of his time in college, 
and this would be followed by an in-depth course in a subject area of his own choosing which " 
- would jttself emerge from the Foundation Course. This would achieve two objectives: (a) it 
would enable the studenMeacher to appreciate the various aspects of the different sciences, 
whilst at the same time, (b) give him the satisfaction and self-confidence that comes from a 
study of an area of science in some depth. • 

The broad-based exposure to science through experience, or the^oundation Course, would 
be taught jn such a way that the content and methodology would be integrated, vibiist the 
'general educational courses, e.g. philosophy of education,r would be bater^ for elsewhere. 

In-Service Education for Teachers 
' Introduction , " . ; 

The above ide^ mentioned in connection with pre-service education are also applicable to 
in-service edupatio'n. Therefore, we should strive to make it possible for the tvvo afCa^ to com- 
plement each'other. This gould tjike the fomn of strengthening already existing links and at 
the same time encouraging the formation of new ones. 

It is evident that the education of teachers is not terminal but a continual on-going process, 
and to this end practising ti^heri should be brought into contact with new ideas and recent 
educational developments trough their participation in in-service courses, sernmars and work- 
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shops, whose aim is tO'incre^i^ their competence in the classroom. . 

One of the important objectives of in-seiyice education is to provide opportunities for 

teachers to reflect upori their own attitudes and teaching methods with a view to improvement. 
Constraints * * * ill 

1, A W6ak Knowledge Base.; ^ a 

One of the objections to teaching integrated science by teachers is very often the fact that 
their own knowledge in science is not broad enough ^ make them feel competent to teach it. 
Since many tochers would have studied only one or two of the sciences as Physics, Chemistry, 
Biology, Botany or Zoology, they feel that their own knowledge is not adequate for a study such 
as Integrated science, which tehdfe to look at things and phenomena from a multi-disciplinary 
point of view. ' ^ “ 

Again teachers in the ipart have not act^ as if they have any Contribution to make to cur- 
riculum improvement, SyllSb^ and study schemes have come to them from officials outside 
the school. Teachers iri this situation will either openly resisfthe adoption of such schemes 
oh subvert their implementa;^ion. Teachers in the classroom should be fully involved at evqry 
stage of the projects. Teacffers, tutors, university men and mihistry officials vvho have' helped 
with planning and carrying out the pilot projects should also help to carry out the in-service 
training of teachers. ^ * v . 

BureaucratidAdministration/^itutional Commitments ' 

Where ministry officials an(i^other supervisory staff have not been reached, they may become 
subverting agents. It could be that these are people .who believe in bureaucratic administration 
or institutional (Commitments. They know Of a set way of doing' it and will insi^ on' or expect 
that. Thqs^ education officers not reached will conclude that the integrated approach they see 
in a classroom is wrong-and that teachers should do physics or chemistry or biology, etc.' 

During in-service ^ucation such officials ^ould be invited to participate and, if .this practice is . ’ 

• followed, it may effectively win them over to the new ideas peing propagat^,- By eticoufaging 
suph participation they could effectively put thfeir weight behirtd the integrated scieru^e teaching 
through their supervisory work. 

External terminal examinations are oft^n rigid in their demands, and it is not easy to entourage 
students to adopt the integrated approach. It is^herefore necessary to ensure that the examina- 
tion at the end of the integrated science course is changed from what it is now to an. examina- 
tion which takes cognizance of*the integrated approach. From the outset of the introduction 
of the^hew approach the Ministry and Examination Authorities should be encouraged to allow 
the appropriate kind of new examination. 


Lack of Incentives or the Desire for Change \ ' ' > 

Absence of the appropriate examination for Integrated science will make any in-service courses 
for integrated science purposeless, and teachers may not be interested. In addition is the problem, 
of the lack of any financial dr status incentive. Teachers,.however interested, often use their yaca- 
. tions to go on in-service courses. To go to these courses without any hope of gaining financially 
or by way ot promotion IS asking a little too much of teachers. ‘ 

. Absence of Change Agent ’ . - 

There are many schools who will not be reached by the integrated science teaching for as long 
as in-service education has not i;eachecl them. The desired change will only occur when the agents 
_ ot change are introduced into the system. Agents of change are being prepared. 

Through in-service education cpjurses; the agents of change can be injected. into the educational 
system. 
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Insecurity and Regression ^ f 

To tear any human b^ing from the familiar thin^ he khows to do best, haturally caus^ 
a certain amount of insecurity. Thus at $he earliest chance such a person will^abandon the new 
thing and revert to the old he knows well. In-service courses do help destroy or reduce this 
insecurity. . . ' ’ 


^en much of the effect of the training is lost and teachers sooner or later revert to^their.,old 
ways. In short, jn-service courses are usele* if there is no effectiw folipw-up. * 

(In the preparation of the above on in-service education, reference vyas made to ’'Introduc- 
ing Innovations— Gaining Acceptance pf Change" J. Kusi-Achampfong,.1971 unpublished) 
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VI. EVALUATION ' ‘ 

The necessity forevaluation: The introduction of any curriculum into a, school system in* 
volyes making a number of decisions. In order that such decisions may be taken on a rational 
bases, it is necessary to have information of various kinds wi|ich can provide such rational 
bases. Evaluation is necessary for the provision of such information, in fact^evaluation may 
be defined as the’ process of ascertaining the decisions to be made, selecting related information,' 
.and collecting and^analyzing information in order to report summary data useful to decision • 
makers in selecting among alterriatives.-!- ~ . 

Suggested Frameworl< For Curriculum Evaluation 

Two broad but not mutually exclusive dimensions of evaluation must be considered. 

1. . Evaluatiori of me Programme 

2. Evaluation ofJthe achievement of the individual child in the programme. 

The second dimension is necessarily involved in the'first. * 

Eyaluatfbn of the Programme 
Two kinds of evaluation are needed here. ' 

(a) Formative evaluation: i.e. the kind of evaluation designed to aid the development of 
materials and help the process of d^ipon making with respect to feed back from trials. 

(b) Summative evalua'tion: i.e, the kind of evaluation that gives judgement as to the value or 

worth of the finished product, Irrespective of th'a kind of programme, three aspects need to 
be evaluated. ^ 

(i) Antecedents: These arethe. various conditions Existing prior to the introduction of the 
new materials. These may include such things as the cognitive ^yles of the children; the 
socio-economic background of the children,' the administrative structure of schools, the locality 
of schools, available resources in terms of funds, materials and man power. 

Evaluation of antecedents calls for basic research jVito these various factors. Knowledge 
about them is vital to the decision-making processes in selecting and developing curricuiutp 
materials.' ' , 1. S, 

(ii) Transactions: These are the various strategies by which the programme is' being carried 

out, for example the nature of materials produced, Teacher-Class-Material 'intercction, teacher 
training procedures, and administrative ^rategies. | 

(iii) Outcomes: These are-in general the consequences of the programme.. Such outconies 
may have to do with the acquisition of.ski|ls and knowledge bV the child, general intellectual 
devejopment of the child and the impact' of the programmeon society at large. 

'An outline framework is shown in the accompanying table. 
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Alkin, Morvin C, A frame-work for evaluation Study: UCLA, Graduate 
Schoolof Education, Lds Angeles, CaJifornia,U.SA. 1969 . , 


TABLE 

A FRAMEWORK FOR CURRICULUM EVALUATION 



Variables 

Intents/ 

Assump- 

tions 

y 

Observation 

Instruments & Techniques) 

Judge- ‘ 
ment/ 
Decision 

Ante- 

cedents 

1. Manpower- Quality, 

( . ^ Qualifications 
Predispositions 
Children Intellectuqil 

ability, Socio- 
Ecdhomic 

' Background 

■Co'ghitiye Styles 
3. Learning Environment - 

School setting . 
Administration 
• Econ^ic re- 

sources, , 
Cultural seUing 

. / 

1. Surveys 

2. Direct Observation 

3. Tests 

• 

1 

% 

\ » 

» 

Trans- 

actions 

1. Instructional Materials - 

. nature; Devel- 

opmental 
strategies 

2. Instructional techniques - 

TeacherChild■ 

Material 

interaction 

3. Supportive Strategies-’ 

Teacher train- 
ing Interaction 
with policy 
• makers. 

Interaction with 
Resource people 
4.. Intervention Strategies 

9 

a 

m 

CO 

o 

5 

• -0 

O 

z 

*)- 

« 

1. Direct observation using 
Observation Instruments 

. e.g. Interactiori analysis 

2. Statistical techniques e.g. 
Readability indices. 

3. Surveys - 

■ ^ 

* 

. ( 

j 

SUBJECTIVE 

Out- 

comes 

1' The child ) Cognitive 

; ' ) Effective 

2- The Teacher 

'3. Parents ) 

) 

4. Curriculum ) 

• Innovators ) ‘ 

5. Educational Admin. & Policy 

6. Economic Implications 


1. Tests^ 

2. Direct Observation 

3. Surveys 

4. S^tistical Techniques 
e.g. Cost - Effectiveness 
Arialysis 

,5. Controlled Sti)dies 
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; In each case a list of the variable which concern the evaluateji is listed ;^Given the 
Variables under these three broad categories, there are three categories of- fnformation .that 
need to be collected about them. These are: ' * 

• (a) Intents/Assumptions: These are essentially the bases on vvhich the curricujum develop- 
ment programme was embarked upon in th6' first instance. Collecting'informatjon here in- 
: volves mainly a'proce^ of description. 

(b) Observations: The extent to which intents are realized and assumptions justified can only 

, be determined by actual obrervation carried out on the Variables in q^tion. It is essentially 
1 in this operatioti that the use of specialized measurement and evajjucfti^ instruments and 
' techniques are called for. A' list of such instruments and techniques is given. 

. . (c) Judgement/Decision: The purpose of comparing observations with intents is to provide 
' a rational basis for making judgements and taking decisions. The process of decision making 
I may involve pooling and arrarlgement of information from other boxes in matrix but the , 
eventual judgement or decision is essentially a subjective one. „ ' • 

Evaluation of the achievement of the child 
• This again niay be of two kinds: . « ‘ . .. 

(a) Guidance • oriented evaluation: This is meant to identify the child's need for help 
and guidance in working within the currifculum.' \ 

(b) Selection • oriented evaluaition: This includes yearly examinations to determine . ^ 

who gets promoted to the next class, or end-of-course examinations to determine 
Who gets the primary school .Irving certificate. - , | 

1 . Guidance -oriented evaluation isfnb doubt the most important form" of evaluation frpm 
tljie point of view of the child's education. However, both kinds of evaluation must be con- 
'siidered specially because' the present situation in most countries is such that selection-oriented 
evaluation plays a vital role in the child's lifei 
1 There is of course the grave danger that techniques designed for evaluating the child's 
achievement can cornpel teachers to work along certain ratjier narrow lines. It is therefore 
important that techniques and instruments designed for integrated: science should be ser- 
iously considered by si^ecialists in the field of evaluation td ensure that the 'open, inquiry- 
oriented learning situations which proponents of integrated scfence teaching advocate are 
not obstructed by the process of evaluation. Theaccomplishment of this task may involve 

(a) the running of special evaluation workshops; ' 

(b) the involvement of specialized testing agencies such as TEDRO (Test Development and 
Research Office of the West African Examinations Council) and test specialists from 
universities; 

(c) the establishment of test item banks which can serve the needs of classroom teachers. 
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VII. A PLAN FOR FUTURE ACTION FOR INTEGRATED SCIENCE TIEACHING IN 
" ENGLISH-SPEAKING AFRICAN COUNTRIES 

Plans for future action must encompass both national and re^ional'^tivities; such ac- 
tivities are complementary. VVhile national activities can be greatly strengthened and i.mproved - 
through regional inputs, regional activities can only be successful when they draw on soundly 
based national experience. *' , ■ . . - 

■ 1 . . As a follow-up to the present Workshop and to the Nairobi Workshop which preceded 
' it, the. reports of the two workshops, should be widely disseminated. They should be used as 
basic documents in planning the Coriference for the Application of Science and Technology in 
Africa (CASTAF'RICA).' National workshops should be organized at which these two reports 
ar^ discussed and used as a basis for national planning for integrated science teaching, parti- 
cularly in the context of rural development. . . ' . 

2. An exchange of information is needed. This will involve the establishment of a clearing 
house for information. The Science Education Programme for Africa- (SEPA) and the UNESCO 
field Science Office and Regional Education Office should collaborate in this programme, , 
particularly through the publication of newslej^s and bulletins. Evaluation of integrated 
science teaching “programmes is an area where, in particular, a greater flow of information is 
desirable. The exchange of information among science teachers 'associations in Africa should 
also be promoted in all possible ways. 

3. A programme' for the further education of teacher educators in integrated science tea- 
ching is very desirable. A joint SEPA- UNESCO' CEDO programme should be established 
for this purpose. 

4. To ensure concerted action am^ng the various groups involved in science education at 
the national level (curriculum development group/science teachers associations, teacher train- 
ing colleges, university scientists, science edut^ators, etc.) a national co-ordinating body is 
necessary. A National Curriculum Development Centre can act as:a focal point for the devel- . 
opment of science teaching' materials. Teachers centres linked with the National Centre can 
promote the local development of materials and the initiation of teachers in their use. 

5. Science teaching equipment poses particular problems for the on-going development 

of integrated science teaching.' Countries should establish national centres for the production, 
maintenance and repair of schpol science equipment. UNESCO assistance may be sought for 
this pujpose. These centres should be closely linked with the on-going curriculum develop- 
ment activities in integrated science teaching at the national level. 

6. One oc more pilot projects in school buildings for integrated science teaching in Africa 
should be established through the agency of the UNESCO Regionaf.Educationa) Buildings 
Institute for Afrjca (REBI A), Khattoum. Such projects should be established in countries 
which already have well-developed integrated science, teaching prpgrammes; 

7. Several international and bilateral agencies are assisting integrated science teaching in 
Africa. Where co-operation between them is established, progress will be more rapid. These 
organizations should seek actively to worl^togetber to provide "integrated aid". 

8. There is the need for more regional and sub-regional Workshops. SEPA should col- 
laborate with UNESCO and UNICEF and with bi-lateral aid organizations in the planning, 

. ..organization and follow-uppf futut’e Workshops. In particular, evaluation w^orkshops linked 
with integrated science teaching programmes should be. organized at interna^tional, regional 
and national levels with multi-lateral and bi-lateral aid. Such workshops should be concerned 
with the construction of sample evaluation instruments and with the training of indigenous . 
personnel. . ' ' ^ 
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. participants AT THE WORKSHOP . 

National Participants 
BOTSWANA 


ETHIOPIA 


gambhA 


GHANA 


KENYA 


LESOTHO 


LIBERIA 


MAURITIUS 






Mr. K. G. Kgoroba ^ 

Lobats0;Secondar^ School 
Private*?iag 13,,J.ol5atse 
Mr. Telahopn Haile 
Curriculum Department 

• Ministry of Education 
P. O. Box 1367, Addis Ababa 

Mr. C. W,,Core*’V • 

Principal Education Officer * 

Education Department 
Bathurst ^ ‘ 

Mr. S. M. Adu^Amponna 
Principal Eduction Officer ' 

Ministry of Education 

• P. O. Box M. 188, Accra 

Mr.'Fanuel Wakhu 

Kenya Science Teachers College 

P. O. Bdx 30596, Nairobi 

Mf. L. E. Vilgugi . . • 

Ministry of finance and Planning . < 

P. O. Box 300Q-7, Nairobi ' 

Miss E. 0. Morahanye •> 

Peka Hi^ School 
P. O. Bdx 1 7, Peka - 

•Mrs. Theddora Ward Jackson 
Teachers College 
University of Liberia, Monrovia 

Mr. Ramdi^n Qoorah'^ 

Ministry of Education at^ Cultural Affairs 
Goyer'nment House, Port Louis 
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NIGERIA 


sI^Kra leone 

\ 

SpMALI REPUBLIC 
TANZANIA 


UGANDA 


Mr. J. M. Akintola 
Federal Ministry pf Education, Lagos 

Mr. T. A. Balogun 
. Faculty of Education 
University of Ibadan, Ibadan. 

Dr. Magnus Cole 

Njala University College, Njala . 

Mf. 0. J. Dahir- 

College Of Education, Mogadi^io 
Mr. E.'Mushi 

doljege of National Education 
Box 691, MoVogorb 

Mr. I. K. BagarUkayo 
»P. Q B. 152, Mukoni, Kanipala _ ‘ . 


ZAMBIA Mr. S. M. Chellahs 

• Mufulira Teacher Training College 

, P. O. Box 400, Mufulira 

Unesco Expert associated with Unesco/UN ICE F-assisted projrote 
•Unesco Science Education Projecjis. 

Mr. R. C. Lang. , 

U neS(jp Science Teacher T rai ni ng Adviser . 

Ministry of Education 
P. 0. Box 39, Mbab‘ane,.Swaziland 

• . ' Mr. N. K Lowe ^ . 

Unesco Science Teaching Equipment Adviser 
P. 0. Box 2823, Lagos, Nigeria \ 

Mr. G. N. Sharma . 

' Unewo Science Teaching Adviser ' 

Ministry of Education, Bijnin City) Nigeria 

** Mr. G. D. Sharma " ■ ; \ 

Higher Teacher Training Institute, Omdurman 
Khartoum, Sudan . <’ ■ \ 

Mr. A. C.' Tosh ‘ ' 

Unesco Teacher Training Adviser 
P. 0. Box 9182, Dar-;es^alaam, Tanzania 



' Mr. Richard C. Marshall (Une%o Adviser) 
Unesco-REBIA, Khartoum, Sudan 


Cpnsultants 

Mr. D. G*. Carter 

, King Alfr^'s College of Education 
Winchester, U. K. 


Dr. Hubert Dyasi 

Science Education Programnne for Africa 
P. 0. Box M. 188, Accra, Ghana ^ 

Observers 

Africa Primary ScienM Programme 
Mr. J. Seawell 

P.'O. Box M. 188, Accra, Ghana 

The British Council 
Mr. 8. J. Carroll 

British Council, Western House, Lagos, Nigeria- 
Mr. Dayid ^ates 

British Council, P. 0. Box 771, Accra, Ghana 

Centre for Educational Development Overseas (CEDO), U 
Mr. D. G. Chisman 
Deputy Director, CEDO 
Tavistock House South 
Tavistock Square 
London W. C. 1, U. K. 

The Fort! Foundation ^ , v ' 

Mr. Rpss E. Bigelow . ' 

The Fbrd Foundation 
. Box 2368,/^7, Marina, Lagos, Nigeria 

International Development Agency Project, Sierra Leone 
Mr. J. R. Hill 

Science Education Adviser , 

Curriculum Revision Unit ’ ‘ 

I. D. A. Education Project 

c/o British Council, P. Q. B. 124, Freetown . . 

Ob^rvers from Ni^ria 

Mr. I. J. Adenuga 

Ibadan Grammar School, Ibadan 

Mr. B. E. K. Briggs 

Ministi^ of Education, Rivers State, Port Harcourt 
Mr. P. Dastoor 

Chemistry Department, University of Ibadan ’ 

* Piof. B. Fafunwa 
Deputy Vice-Chancelloi; 

University of Ife, lle-lfe 

Mr.'A. A. Ibegbulam 

Nigerian Educational Research Council 

Federal Ministry of Education, Lagos 
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Mr. E. A. Ifezulike ‘ ’ ^ 

Government Secondary School 
Afikio, Enugu 

Mr. I. 0. Ekeobi 
International School 
Univiersity of Ibadan 

Mr. A. M^Brown 

Ministry of Education, North Central State, Kaduna 

Mr. U. D. Mairiga 
Government Secondary School 
Lafia, Benue Plateau St^ 

Mr. JfO. Molomo f 

Ministry of Education, Western State, Ibadan 

Mr. I. R. Murray - 
University of Ife, He-lfe 

Mrs. I. R. Murray , 

University of Jfe; I le-lfe . 

Dr. K. H. Niedfeldt * / 

Dept. Of Education, Ahmadu Bello University 
Zaria, North Cental State ■>« 

Mr., S. 0. Oduhfa 

St. Andrew's College, Oyo 

Mr. E. 0. Ogirnyemi . 

Dept, of Education, University of Ibadan 

Mr. T. 0. Ohikheha ' 

,Dept. of Education, University of Ibadan 

Mr. K. A. Olaniyan 

Federal Ministry of Educatipn, Lagos 

Mr. D. Oyewole 

President, Science Teachers Association of Nigeria 
West African Examinations Council, Yaba . 

Mr. 0. Ryan 

International School, Ur^versity of Ibadan ^ 

Rev. P. S. Samuel 

Secretary, Science Teachers Association of Nigeria 
-International School, University of Ibadan 

Mr. G. A. Ugwuegede 

Ministry of Education, East. Central State, Enugu 

Dr. E. A. Yoloye . . . 

Dept, of Education, University of Ibadan ^ 

Mr. JohnWhee • • 

Institute of Education, University of Ibadan 
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Workshop Co-ordinator ■ > . ' 

' Mr. L. E. Folivi 

Federal Ministry of Education, La^os 

Unesco’Secretariat 

• * 

1)r. N. S. Rajan 

Unesco Chief of Mission 

c/o Ministry of Education, P. 0. B. 2823, Lagos, Nigeria 
Dr. O. Ibukun 

' Director, Unesco Field Science Office for Africa 

Unesco House, P. O. B. 30592, Nairobi, Kenya 

Mrs. Sheila M. Haggis ‘ , 

Programme Specialist 

Division of Science Teaching, Unesco, Paris, France 

ANNEX II 

'' WORKSHOP PROGRAMME 

^ \ 

Normally three 2 hour working session were held day ap detailed below 

Session 1 8.30 a.m. • 10.30 a.m. 

" 2 11.00 a.m.- 1.00 pjn. 

" 3 3.00 p.m.- 5.00 p.m. 


Monday, September,.20th 

Session 1. (P)* 

B.'OO a.m. - 9.00 a.m. 

' 9.00 a.m. -10.30 a.m. 


2,(P> 

11.00 a.m. - 1.00 p.ml 


\ 


3. (P) 

3.00 p.m..-5.00 p.m. 


Registration 

OpeninAof Workshop by Mrs. F,. Akintunde-lghodalo, 
Permanent Secretary, Western State of Nigeria , 
Ministry pf Education, 

Chaicman, Mr. J. M. Akintola, Federal Ministry of 
Education, Nigeria, 

Keynote address. Prof. B. Fafunwa 

Discussion- of keynote address 
Presentation of country programmes by 
national delegates 

Presentation of country programmes by * 

national delegates (continued). 


■ 6.30 p.m. - 8.00 p.m. C^ktail Party. 


-ft 
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Tuesday, September, 21st 

•Session 1. (P) The concept of Integrated Science Teaching * Mrs. S. M. Haggis 

Integrated Science Teaching - Examples of Current 
Programmes - Mr. D. G. Chisman 

2. (P) Curriculum Development in Integrated Science Teaching 

- Primary level — Dr. Hubert Dyasi ' • 

3. (P) Presentation of country programmes (continued) 


Wednesday, September, 22nd 

.Session 1 and 2 (V) Visits to schools, training colleges etc. in Ibadan. 

C 

Thursday, September, 23rd 

Session 1. (P) Develqpnrtent of int^rated science teaching materials - 
Dr. Magnus Cole. ’ 

2. and 3. (G)Working groups. 

Friday, September 24th 

* 4 

Session 1. (P) ■ Teacher training for integrated science— pre - service courses— 

' Mn D. Carter 

• 2. (G) Working groups 

3. ' Visit to Exhibition of science teaching books and equipment 

Saturday, September 25th 

Session 1. (P) Science teaching equipment, production and distribution— 
Mr. R. Mardiall and Mr. N. K. Lowe 

2. (G) . Working groups 

Sunday, September, 26th-Free 
Monday, September, 27th 

Session 1. (P)- Teacher training for integrated science— i^- service courses— ' 


2. (G) 

Tuesday, Septembdr 28th , 

C > 


Mr. S. M..Adu— Ampoma 
Working groups 


C 


y 


AM d^ visit to Aiyetoro Comprehensive High School and to Mayflc^r School 
Ikenhe ^ ' 

' 
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Wednesday, September, 29th 

Session 1. and 2; (P) Evaluation of integrated science courses-Dr. E. A. Yoloye 
3. (G) Working groups 

■ ' * ^ 

Thtirsday, September 30th 

Se^ions 1. 2. and 3 (G) Working groups. Finalization of group reports 
Friday/bctober 1st National Holiday 

Saturdey, October 2nd 

^ Scions 1, 2 and 3 (P) Presentation of group reports 
Sunday, October 3rd Fi'ee , . 

Monday, October 4th ^ 

Sef^ions 1, 2 and 3 (P) Presentation of final report - 
' - ^ C lolling ceremonies. , 




ANNEX III 

LIST OF PAPERS PRESENTED TO TfiE WORKSHOP 


r 


Reports on the stetus of science teaching at primary and lower ■si&CQndary levels from each 
of the following countries’ 
i Bo^ana 
. Ethiopia 
. GambN 
Ghana - . 

Kenya 
Lesotho 
Liberia 
Mauritius' 

Nigeria 
Sierra Leone\ 

Somali Republic 
Tanzania, 

Uganda 
Zambia 

Keynote Address: "Premature Spwialization in Science Education, 

A Dis-service to Developing Nations"-Prof. B. Fafunwa 

T^e Concept of Integrated Science Teaching— Mrs. S. M. Haggis 

^nesco's Programme in Integrated Science Teaching-Mrs. S. M.. Haggis 

The Science Education Programme for Africa: An approach to Educational 
Development— Dr. H. Dyasl 

•f Integrated Science Projects in the U.*K.-Mr. D. G. Chisman 
Development of Teaching Materials for Integral^ Science-Dr. Magnus J. A. Cole 
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Some First Ideas on the Pre-Service Training of Teachers of Integrate Science— 

Mr. D. Carter • , " . * 

Teacher Training fop Integrated Science— In-service courses- Mr. S. M. Adu— Ampoma 
Multi-Purpose Laboratories Suitable for the'^ Lower Classes of African Secondary Schools 
and For Primary Teacher Training Course^Mr. Richard Marshall. 

• : ^ 

. 

ANNEX IV 

MESSAGES OF WELCOME PRESENTED AT THE OPENING CEREMONY 

An Address of Welcome Presented by 
Mrs. F. M. Akintunde-lghodalo 
Permanent Secretary, Western State of Nigeria 

Ministry of Education. ^ 

Mr. Chairman, Ladies and Gentlemen, 

It is a pleasure, indeed a great privilege, for me to be invited.to perform the formal 
opening of this workshop which has brought together 14 English-speaking African Countries. 
Nigeria (and Ibadan in particular) considers itself fortunate to have been chosen as the venue 
for this great gathering. May I seize this opportunity, on behalf of the people of this country, 
to welcome you to Nigeria and hope, that your stay will be very fruitful one. ^ 

One does not require a sermon'to appreciate the fact that the days when school subjects | 
were in different water-tight compartmen? are over. Man has come to appreciate the unity ' 
of knowledge and interdependenceT>f4hese subjects on one another. Biology is becoming 
more and more involved with Chemistry; it is becoming increasingly difficult to draw a fine 
line between Chemistry and Physics, while Physics is fast becoming more mathematical. The 
need for an integrated science programme therefore cannot be gainsaid. This is why the 
efforts of the United Nations Educational, Scientific And Cultural Organisation (UNESCO) 
to organtse this seminar is not only oppoi^ne but also very welcome. 

There are several problems connected with the teaching of science as an entity, and 
these vary from one cduntry to another. Individual countries must have been tackling 
these problems in their own vtriiys and with varying measures of success. It is therefore 
gratifying that you will, among other thin^, exchange information on what has been done 
in ypur different countries at various times to produce and implement integrated science 
curricula. I am sure that it will also be useful, as I understarK) you will be doing, to review 
integrated science programmes in countries outside Africa with a view to developing integ- 
rated science teaching programmes that are suitable to oui^partlcuiar and peculiar background. 

The problems which science teaching creates are of a universal'nature and only vary in 
degree fr9m country to country. In Nigeria, as in most developing countries, we are ^ort of 
personnel for teaching of science, and the few that are available are ve / oft^ the less ex- 
perienced ones. This is largely because we cannot compete with indu: ’ , as the latter t 

often offers more aftraptive salaries. This rapid turnover makes contin . / of teaching 
difficult* Another diffkxii^ty in the vvay of science teaching, especially U.i developing 
countries, is the inadequate supply of resource material. 
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• It is gratifying therefore to know, that at this conference you will deliberate. extensively 
on how to make suitable textbooks and materials available for learning science in our schools; 

^ Effo^ by the UNESCO in trying to improve the lot of mankind e^ecially itydeveloping 
countries are highly appreciated. May I wish, therefore, to seize this oppQrtuniTy..to offer 
to the UNESCO the immense thanks of the Governnrtent and people of Nigeria in particular 
and of Africa in general for arranging this conference. This workshop is takHjgplace as a 
result of the' challenging confclusions of the 1968 UNESCO sponsored VARNA Congress on - 
the Integration of Science Teaching. Part of the conclusions reached at that time say that:* 
"The teaching of integrated science contribute towards general education, emphasizes 
the fundamental unity of science, and leads towards an understanding of the place of 
^ . science in contemporary society ... 

"At the earlier stages of secondary education a totally integrated course In eXperi* ( 
mental science appears generally desirable ... . r 

. » "Further experiments in the development of new integrated curriculum and the produc- 

tion of teaching materials are needed." 

We in Nigeria have made a number of efforts to produce general science and integrated ' 
science programmes. I n particular and with the assistance of the United States Aid For 
International Development UlSAID), the Ford Foundation and Harvard University, we have 
been able to produce a fairly suitable general science programme for the first two years of 
our secondary schools. Through the Comparative Education Study and Adaptation Centre 
(CESAC), programmes for the last three years are currently being written. 

The different States are also working on Elementary science programmes, and in thlts 
latter respect, we have benefitted from experiences gained by our teachers from participation 
in African Primary Science Project (APSP), and other workshops organized by our universities 
ancf similar bodies. A number of other organisations have also responded very well to this 
challenge by establishing Curriculum Development Committees to ^Ira^ up new syllabuses 
for the teaching of science in the Ic^er forms of the secondary schools.\ 

Particular mention must ba^taade of the Science Teachers Association bf Nigeria (STAN), 

’ the Comparative Education Stud^nd Adaptation Centre (CESAC), and ihe Nigerian Secon- 
dary Schools Science Project {NSSSP)-Nuffield Foundation, the British Council, all winch 
have both individually and jointly organised and supported curriculum improvement in 
science teaching in our schools. /Representatives of these various organis^ons are at this 
coriference and will no doubt cooperate in making it a success. "The countTy^ry much app- 
reciates the contribution^ which these organisations have made and are making towards th® 
proper teaching of science in.out*sdbools. 

T^e need to teach science is of such great importance for the developing countries of 
Africa. As d^elppihg countries we require the services of indigenous doctors, engineers, 

; . in varioi^fiel^ of learning who wijJ make valuable contributions to the advancement 

j of our nations. The foundations of these professions are laid in the science programmes of bur 
schools and they will not) have been properly laid if science is not well-taught 

If this conferee must achieve any success at all, it will be in the preparation of a satis- 
factoi 7 and supeHor science programme. May I warn that a satisfactory and superior science 
^ education programme must have economic, political and cultural objectives so as to achieve 
• ^ the goals of the society for which education is planned. Poor developing countries with 

economic problems and Inadequate man-power to cope with the techhical problehis which 
development introduces have aspirations whfch are constrained not only by the limits of 
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Address of Welcome by Professor G. M. Edington 
Deputy Vice-Chancellor, University of Ibadan. 

Chairman, Distinguished Guests, Delegate, ^ ’ 

I have the greatest pleasure in welcoming you on beh^ of the Vice-Chancellor*, Professor 
T. A. Lambo, to the campus of the University of Ibadani. Profc^r Lambo expresses his 
deep regret at being unable to be present this morning but he is heavily committed else-’ 
where.. I should like to say how honoured the University is to be the venue of this most ; 
important Workshop and we are grateful to the various UNESCO Agencies and to the 
Nigerian National Commission for UNESCO and to other supporting organizations for con- 
sidering It^dan a woithy host of this Conference. Our Chairman and Madam Permanent 
Secretary, Mrs. E. M. Akintunde-lghodalo' have already said much that I myself intended'^ 
to say. So I shall therefore keep this address as short as possible. We are delighted to have 
so many delegates from the English-speaking African countries visiting the University. 

Daring the last five years, the idea of integrated science teaching has gained greater and 
greater prominence in the educational programmes of many countries of the world and I am 
delighted to say that die Science Teachers Association of Nigeria lias been most active in 
this field. One cannot eitiphaslse too highly the importance of science in the educational 
programme at all levels. More and more in countries. in Afric%is science being applied' in 
various areas of industry and training in applie|^}^ience is being undertaken at technological 
colleges and universities. ;lt will be impollible for these institutions. to successfully undertake 
such training unless a firrp basis of scientific knowledge is laid at the primary and secondary 
school levels. ’ . 

Different programmes have tended to identify different areas as being the common 
elements in Science. Some have identified the common links in terms of “scientific concepts" 
like eriergy, systems, interactions, relativity, etc. Others hav§ identified them in terms of 
“scierjtific processes" e.^. observation, classification, hypothesis formpti 9 n,> experimentation, 
interpretation of data, rhanipulating variables etc. 

the result is thdf altnpugh there are various programmes bearing die label “integrated 


V 


science", they often diyer markedly in their content and have integrated their science in 
very!- divergent way^'‘,*Pefhaps the one diing common to all is the emphasis they put on 
inquiry and practiral application by the students. 

T^e present conference is, therefore, serving a very vital function in providing a forum 
for exchange of infqrrh^tion on the various programmes vvith a view to the overall improve- 
ment'^f science education. ' . ” 

Finally, I should likWto weibbme you all, .once again, and I hope that you will hdve the 
opportunity of seeing|Som6thing of our campus. A visK^our Library, institute of African 
Studies and Bookdiop should be well worthwhile. Irrllddition to visiting hisitorical Ibadan, 

I hope you will also h^e time to visit our sister^^versity of Ife with its Wealth of sur- 
rounding cultural objtets. May Twish, on jjjeKaif of the Vice-Chancellor, ypur Workshop 
dkery success. 
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their resources, but are dictated by association with the more affluent n^ions Whose style 
of living is appealing to citizens of developirig countries. 

The common'dream of all developing countrjes is to be industrialised in the hope that 
this is the first step in a take-off to modernity; "the tendency in the process of pursuing 
these dazzling goals is to make the regrettable mistake of forgetting the importance of 
Agriculture or relegating it to the far background in the planning and execution of their 
economic programmes. It is hoped that the holding of workshops and seminars like this one 
wjll go a long way to correct such imbalance in our planning. 

It needs to be emphasized that.science is fast changing the world. Every officer of govern- 
ment, every -law maker is confronted with all sorts of scientific arKi technical development 
which affected the political, economic and social problems that are a governfn^t's main 
concern. A businessman no matter what his field is confronted everyday vih^ technical and- 
scientific break-through that may threatqp him with disaster, or hold out th^romise of 
great achievement. Yet law makers and businessmen alike must turn for advice to technical 
people whose language they may not even understand. This means that our science prog- . 
rammes must prepare the geniurahd the future professional for his future undertaking, ► 
and yet provide the layman with enough understanding of the mam essentials of science so 
' that the process of communication be^een the expert and the people he Is to serve can 
be meaningful and fruitful. 

I have no doubt that in.foimulating Whatever will be acceptable integrated science prog- 
rammes for developing countries, you will not forget that we must set certain goals. Per- 
mit me to suggest that these goals must, among many others, foster humanistic, liberal and 
general education. It should aid the student to develop critical'thinking through inquiry 
approach; help him to appreciate the ability of man to control his environment and adjust it 
to suit his aspirations and meet his needs. It must also foster the awareness of the people, 
both leaders and led, government and the governed, towards scientific and technological 
analysis of their problems andenvironments; and it should last bdt not the least, assist the 
students to develop their decision-making skills. 

Ladies and gentlemen, Ibadan is a big city and a land of contrasts. I hope that while you 
are here you will find time to see what wecan offer in the way of culture. We are very proud 
of our city and the little that we have been able to achieve. Plea.se feel free to explore our 
lands and take back with you the goodwill of our people. You have before you a fortnight 
of purposeful activity and valuable discussion. This is a very heavy assignment and we look 
forward to reading the report of this conference. ^ , 

Once more I welcome you all to Nigeria and to Ibadan in particular and wish you a very 
happy and fruitful stay: ' 

Ladies and -gentlemen, it Js with the greatest pleasure that I npw declare this workshop 
'bpen. • 


Address of Welcome to the participants at the UNESCOAJNICEF 
Workshop on Integrated Science Teaching for English-speaking 
^ffican countries, Ibadan,, l^igeria, September 2()th • October 4th, 1971. 
by Chief Stephen Awokoya, Director, Department of Science Teaching 
« and Technological Education and Research, UNESCO. 


Ladies and Gentlemen, 





I regret that I am not able to be with you in person today to welcome you to this 
integrated science teaching workshop for English-speaking African countries. I feef that 
this meeting will be a land-mark in the development of science education in Africa. You, 
the representatives of 13'African countries are met together to carry out a kind of "stock? 
taking" of science teaching developments in the primary schools and secondary schools of 
Africa. Your particular task is to draw up a plan of action for 'the development of a science 
teaching which is suited to the needs of your pupils in the actual situations in which they 
are living. 

You will be concerned with "integration" at this workshop. An integral is something 
which is whole. You are thinking about science as a whole as it effects the child in the totality 
of his environment I like to think of integrated science at the lower levels of schooling as 
a kind of embryo which contains within it all that is necessary genetically to produce not 
only tl^ future scientific and technological manpower required for development but also 
the go^ citizen in our modern age. Thus, integrated science teaching should provide a 
basis Tor the pupil who will become a citizen who needs to take decisions in matters deeply 
affected by science. This person might be a politician on whose decisions the fate of 
millions could hang. He might equally be an agriculturist, an architect, a physician, an en- 
gineer, a physicist,a chemist, a biologist, a mathematician^ an economist, a-bishop, a jodge, ' 
or even a business man. Integrated science teaching, however, must haVe integrity. It must - 
be linked with the whole of the school curriculum. It must be a stimulating experience in ' > 
the scientific education of the child who will later become a scientist, or follow a science- 
based career. Even if he does little more, it should enable him to appreciate science for 
what it stands for today and in the future. In this connection, you may feel that the natural 
environment offers you an excellent approach; you may also feel that the technological 
application of science in hnodern society is dually a valid entrance; others may think that 
the combination of the different scientific disciplines is the real answer. Whatever your pre- . 
'Vidices, integrated science should be integrated and have all those ingredients which will 
later evolve into the various disciplines. 

It seems to me, therefore, that you hav*e a double task: to be concem^with the contri- 
bution of science to general education in African children, while at the nrae time providing' 
those basic skills Which are essential as a foundation for more highly specialised training in 
the future. 

I hope that irHhose two weeks you will have a rewarding and fruitful time and I look 
forward with evei^ confidence to a valuable outcome of your endeavours. 

S. Oluwole Awokoya, 
UNESCO PARIS FRANCE. 
September 15, 1971. 
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Premature Specialisation in Science Education : 

A Disservice to Developing Nations 

V*' i 

Key-note Address 
by 

Professor A. Babs Fafunwa 
Deputy Vice-Chancellor 
' University of Ife 
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Chairman, Ladies and Gentlemen, 

It is with considerable trepidation that I appear before this august body. of scientists and 
science educators and administrators.from seventeen countries to deliver the keynote address 
at this important international workshop on "Integrated Science Teaching". Although I did 
some science in school arid at the University, I cannot claim to be a scientist either by trade- 
or by profession. I am however a friend of science and scientists who are interested in fin- 
ding solutions to the many problems that bedevil under developed countries of the world 
particularly the African countries. . ' 

We are living in a world where Science and Technology have'become an integral part of 
the world's culture and any country, that overlooks thissignif leant truism does so at its ovvn 
peril. 

We know that it was the practical application of the new discoveries in science and tech- 
nology that was largely responsible for transforming the erstwhile under-developed or back- 
ward societies of thfe W^tern World into advanced states. It was also because of the speed 
with which these neW^henomena were disseminated and proliferated that the West was , 
able to gain a substantial l^d over the rest of the world. It was the study and the applica- 
tion of science which brought economic and social benefits to mankind in general and to ’ 
Europe and America in particular. These guaranteed them a high standard of living and 
improved the health'condition of their people. | 

It would therefore be foolhardiness on the part of the hon-Western World not to recog- 
nise science and technology as a dominant cultural^ctorm this late twentieth century. 
Dissatisfied with their own rate of grovi^, both Europe arid America continue to seek 
newer ways of doing things; yet many 6f the firs^fruits of scientific and techrfblogical 
progress have not yet arrived in Africa and the new advances which have superseded the 
old are wen farther from Africa's reach. * . 

It is possible to exist with little or no knowledge of science. Indeed, millions of people 
in developing countries do just that But it is almost impossible today to lead a full and 
satisfactory life with little or no knowledge of science. We of the under-developed countries 
must develop our human and natural resources to solve our economic problems. We need 
to improve our diet, improve our transport system, develop our mineral resources and con- 
trol soil erosion. We must introduce modern scientific farming, control cattle diseases, 
improve their health programme and solve a myriad of other problems that call for scien- 
tific and technological dexterity. To achieve these, we must, as a matter of national 
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urgency, train as quickly as possible an army of competent teachers, scientists and tech- 
nicians. We require diso scientifically and socially orientated policy makers, as well as 
scientifically orientated citizens. Science in twentieth century has, without a doubt, 
become a necessary aid to good living and good citizenship, to health, agriculture, home 
making and leisure. For these reasonsr therefore, science and technology must necessarily 
play a vital part in African education and the new school curricula. Every child and every 
future adult has to be reached. 

To achieve this, die foundations must be laid'at all levels of education through both 
general and special education. By general education, in this context, vye''mean a broad 
type.of education aimed at developing the attitudes, abilities and behaviour considered 
desirable by society. As far as science and technology are concerned, it is attitude that 
matters. It is largely through adopting a scientific approach to problems that Africa would 
be able to join a world where science has already become a dominant cultural factor. With 
this desirable scientific attitude in the African, a successful war could be waged against 
superstition; aptitudes could be developed for vocational pursuits; the child and the adult 
would be able to manipulate simple gadgetry, work of han(^ and eye which would buttress 
or supplement mind and heart. It is most essential that Africans develop tl\is scientific 
attitude in agriculture, still the occupation of over seventy per cent of the people. 

I sincerely tiplieve that no major industrial revolution can either take place or bd sus- 
tained, no new society can be built or maintained in a continent where the masses are 
still dominated largely by magic and superstition. I also believe that the scientific attitude 
can be acquired as a way of life, in the same way as socialism, capitalism or communism 
is injected into the society as a way of living. 

Considerable emphasis needs to be placed on science at the elementary level, because for 
the next fifty years or more, most African countries will notlae able to provide more than 
a free elementary education for their people. Consequently,- millions of future African 
citizens, who will form the bulk of Africa's man-power, will not have more than a primary 
education, or at best two or three years of secoridary education. It follows, therefore, that 
this new generation of citizens should have a broad sciehtific background at this elementary' 
level of education. 

I am ha|!ipy that this particular workshop is on "Integrated Science." This is a 
fashionable topic these days and it is like the weather which everybody talks about but 
does little about it. It is gratifying that the UNESCO and the African countries' repre- 
sentatives who are assembled here today are determined to do something about it. 

Making a case fer Integrated Science programme at the primary and the Secondary • 4 
school levels may be like preaching ^o the converted. Nevertheless, we cannot over- 
^^ffniphasis its importance to Africa in particular. Mbst of us are products of specialised 
l>Mucation and the scientists are not the only culprit in this area. It is ironical that even 
though we know that specialisation is meant to serve only a handful of people, educators 
insist on giving everyone specialised education. In the United States and the United King- 
dom only a very small proportion of the secondary school and university graduates work in 
the area of their specialisation. Worse still, many of the graduates required by industry 
have to be trained or re-trainid in the area required by commerce and industry. Nigeria, 
like many developing countries is going through the same experience. Less than fq^ per 
cent of our University graduates are engaged in the field of their specialisation. Even In 
the teaching field's high proportion of our graduates are teaching the subjects in which 
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they had. little or no formal academic trainihg. Indeed we expect this state of affairs to 
continye for quite some time to come.' - - 

The ^estion has been raised at a number of international conferences as to whether the 
university graduate should be a spcj^ra^ or a generalist. Mostgraduates in Britain and'all 
of its former colonies tend to be ovb^ecialised and like most specialists tl^ey knew more 
and more about less and less until they reach a point where they knew everything about 
nothingl Their education was so narrowly based that many of them became absolute il* * ~ 
literates not only in non-science subjects but also in other allied areas of science'. It is ' 
rather bewildering for me to meet some Ph.D. holders in Chemistry who can only teach ' 
orgonic chemistry but not inorganic chemistry to first year university students or vice ‘ 
versa; or a Ph.D. holden in some small .aspect of Zoo who cannot teach ftrst or second year 
Botany. When specialisations are carried this far, then a country is in trouble, particularly 
a poor developing country whose resources are extremely limjted both in human and natural 
resources. Mind you this deplorable condition obtains even in the social sciences and human- 
ities but we must admil that science is the worst offender. In the U. S. and,'l(he U. S. S. R., 
specialisation is-postponed till the post graduate level in most cases. Ironically, those who' ■- 
landed on the moon never had Sixth Form education or early specialisationl ' ' 

I do not want to be>pisunderstood as not believing in specialisation< I recognise the .■ " ' 
ultimate. necessity for specific skills. What I am advocating is a broa(hfoundation at' the ' " 

primary and secondary school levels. Curiously enough we tended forget the p'urpose^f 
primary and secondary education. Both are supposed to help the child get'adjusted to his; 
immediate environment and offer him a broad general education to enable him ’live apd 
act as a responsible citizen of hi^fociety. To be /versatile individual he should, be exposed . 
to the whole spectrum of education, not just a narrow experience which in any case i's-r)ot •’ 
really needed bV industry, commerce, his hom/or his peers with whom he is going':to spend 
the rest of ^ life.”Pre-mature special isatioryft primary, secondary and even at’the ffi^' , 

two years of university work-is npt only^^diKervice to a nation, it is also a national dis^ 
aster, in.tha\it is acollosal waste o^irfmed human and financial resources of a developing 
country V / * 

It Is being suggested by many noted educators th/t even at the unive|^lit\f level special- 
isation should commence a|||ithe post-graduate leveK I fully agree.* As lor the Sixth-Form 
work which is the only educatfonal exception in the world as the majority of the countries 
of the world have 'no sixth form, the British people who invested it arp now seriously con- 
sidering its liberalisation; that is sixth formers should be exposed to six or seven subjects 
instead of three as it is the case at present. As for me, I -re-affirm tiiat as far as Nigeria is con- 
cerned, it should be scrapped without further ado. . 

Child Inventors 

In the last two years the Nigerian press carried to their credit, article and pictures of 
two or three Nfgerian youths who constructed their own a||r plane,'boat and other scientific 
gadgets. A young man constructed an airplane that flew for ten minutes in the air before 
crashing to the ground; another youth fnade his own motor car and another a steam boat 
that worked. These youths either had only a primary education or one, or tvvo years of 
secondary educatioa Ironically one is tempted to My, "Thank God, they left school before 
they became specialised' robots who cannot see beyond their nose." I wonder aloud as to 
how many of us whp are Racialists in physics or applied physics or mathematics or en- 
gineering can construct antf fly an airplane even foj^ Vne minute or construct and launch a 
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steam-ship that wijl sail for tert minutes only. It is our contention' that most of the world . 
inventors nevel- learnt half pf the physics, chemistry^and mathematics that we teach at the ‘ 
secondary and university levels tpday. What I am trying to put across here is that the age 
of passive reliance on tradition and authority without question belonged to the 19th 
century. The obscurantist's faitH in the expert's^special knowledge and skill, personal know- 
ledge and authority is a thing of the past and cannot by any stretch 6f imaginatipn get us 
far as developing countries. We need to widen the scientific horizon of our youths by ex- 
posing them to a wide spectrum of scientific skills and irivestigation with a view to deve- 
loping their scientific attitude not neoessatiily as.scientists-to-be for only a handful ofthem 
need tP be scientists, but as scientifically oriented citizens of their country and jheir world. 

Lofd Beeching who is a British physicist. Is a man after my heart.- In his address to 
the Third International Conference on Physics Educatidn^he said inter alia: 

". . .(There) is the need for special care to guard against establishing an illusion df com- 
i plete Understanding in the early stages of teaching, with the resultant dang^ of creating 
mental blopks to subsequent acceptance of more refirjed theories.. In niy ^n case, and 
I ddinot baiieVe I was exceptional, early ^uainta'nce with Newton's laws (Treated such 
corqplete acceptance of them as to cause very real difficulty in my si^sequent accep- 
fancedf quantum mechanics and rel^ivity. It was not that I could not handle the mathe- 
mati<», but I could not do so' with any facility because I kept thinking, 'I understaqii! 
Newtorian mechanics hut I dqn't understand this', %nd I felt, therefore, either that my 
mind was inadequate or that there wps something false about'the concepts which I was 
asked to accept. It was only later; when I realised that I did not understand the pheno- 
mena which Newton's laws describe, either, but had merely accepted the laws as a com- 
plete and satisfying description of the phenomena, that some of my difficult(es^sap- 
peared. I suspect that difficulties of tnis kind are still being created, and created un- 
necessarily." (1 ) ^ ‘ ^ 

I wish many of us can be as frank es Lord Beeching for it is only if we' cati recognise our 
. own limitation that we will be1n a position to take a-critically honest look at our outmoded 
education system and our traditional teaching methcxl. According to many critics, 

". ... the graduate scientist or t^hnologist too often displays a narrowhess ofariew ancl^ 
interests (and) is unable to relate his own work to that of his colleagues or theirs to his, - 
or is not as effective as he should be as a membermr as a leader of a team;because of^^^is 
inability to communicate efftetively with pthers or to enter sufficiently well into their 
thoughts and feelings.". (2) „ 


The African Child 


•The first twelve years is'the most foimatiye period in a child's^life for it js during this 
period that attitudes and aptitdd^ are developed. It is also during this period that the 
child requires intelligent-care of hiS physical rieeds arxJ’frained guidance in hisjnental, 
emotional and social potentialities. It is our contention, that the Afncan chi 1^ like any other 
child should be helped right frqpi the start to d&ve|op some or. alli)f the following scientific 
skills and abilities: curiosity, manipulative ability, s^ntaneous. flexibility, experimentation,.. 
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(1 ) Tlfa Education of a Physicist, Edited by S. C. Brown and N. Clarke, Published by Oliver & 

! Boyd, Lorxlon, 1966 pp. 1 and 2.- . ^ 

(2) Loc.cit. 
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initiative, industry, manual dexterity, mechsnical comprehension and the cpordination df 
hand and eye (and in passirtg; how we wish he could do' this In his oyvn mother tonguel). 

As we said earlier, most of oUr children in Africa will not have more than a primary or.two 
'years of secondary educatidn before the end of this century which is only*2&-years away. 
We want to make intelligent versatile, and scientifically oriented citizens out of them. - To 
achieve this we need, to give them a broad general science education. A few of them will 
become specialists but this specialism will be more meaningful only if predicated on .a gen- 
eral science education. As I said earljer, I may be preaching to the converted and I will not 
bore you any further. : • 


Integrated Science Programme 

What, we may ask, are the objectives of an integrated science programme? One objective 
is to develop scientific attitudes, abilities and behaviour; that is, to develop a built-in 
Mientific attituc(p in the child as.soon as possible. As one of my colleagues expressed it, 

: what is integrated about sciepde is not the topics studied but the process of studying them." (3) 
. ,1 mentioned earlier some plf the behavioural goals that we hope to achieve through, general 
science education, these arer manipulative ability^ spc^taneous flexibility, initiative, ind- 
ustry, experimentation etc.'. The primary science pap^ of the Nigerian Educational Research ' 
Council (NE RC) .at a recent workshop let by Dr, E.^. Yoloye of the University of Ibadan 
adopted a modified version of the American Association for the Advancement of Science 
(AAAS) proc^ classification scheme for building new science curricula for Nigeria. The 
fifteen behavioural goajs, while' not exhaustive, should ^erve us in good stead in determining 
some of the skills and attitudes we wish to build into the Rersonality of/tpe child a’t the end 
of an integrated science course: ... . ^ // 

1. OBSERVATION , / / 

All experimental science involves observation df natural and mah;inade phenomena. 

These observations can be made In a.broad c^escriptive sense, of they may be associated 
wjth indepth examinations of limited specialized systems. ' / 


2. CLASSIFICATION / 

/Thisj)rocess is found in some degree'in almost all scientific aiitivities. Sojtjng, group- 

ing,^and ordering, both on a qualitative and quantitative basis, fall into this category. 

3. COMMUNICATION / 

Once experience with "scientific" materials has been acquired, the„ability to cohfi- 
municate' regarding observations, data, iJiscoveries, etc: is fundarpental to the growth of 
scientific knowledge. 

*4. COUNTING NUMBER RELATIONSHIPS” . 

The first level of quantification in science is the application of counting number to 
observations. The use of discrete number, |n association with ufits of measure . . .5 - - 
trees, 9 stones, etc., is the beginning of measurement. In scienM, number is.always 
. - associated with'a unit of measure, and the'cbuhting operation/orms the basis of a ^ 
wipe range of quantitative observations. / . , ' 




(3) E; A. Yoloye, Journal of the Sciehc^ Teachers' Association of Nigeria, 
Vol. 10, No. 1*1971, p-64 
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**5. MEASUREMENT 

‘ Once one passes from the operation of discrete counting of isojated objects, a n 
form of measurement if identifiable. Man-made unite of area, length, volurne, and 
time are describable on a cohtinuum, with number itself £|puming a relative role. 

I n a sense, almost any number system can be imposed onlhis type of measurement^ 
as long as it is consistent from one unit to the next. C^^uence of unit iethe singl 
criterion to be applied within a giypn measurement system of this type. 

6. RAISING QUESTIONS 

Inherent in any subject matter scheme involviiig direct observation and experimen-. 
tation is the richness of questions arising directly from the exposure of individual 
pupils to the rriaterials^' Thus, in observing s^eral pendulums of different lengths, 
one might gsk why do they move at different "speeds'^. 

, . 7. PREDICTION 

The process of prediction proceeds from well-founded bases of hypothesis, theory, 
or "laws". Once a collection of consistent data is obtained, such operadons as 
<3 extrapolation and interpolation form the basis of this important scientific process. 
The importance of prediction to scientific enquiry is that science places greater 
emphasis on the ability to predict (in its process of knowing) that oh the ability to 
• describe or explain. ' - 

8. INFERENCE V 

This is a brodd category of process. It implies.cause and effect relationships and 
’ correlatibns. One is exposed to observation of\several variables which seem to be 
r'ejated and one infers a relationship between them. Inference may be speculafive, - ' 
based upon preliminary or sketchy data, or it may be mor^well-founded, based 
■upon extei3,sive and precise datp obtained frorn experimoflte. 

FORMULATING HYPOTHESES \ 

Almost any series of observations can lead to hypothesis formulation. . Hypo- 
thecs need not be too profound or have a high probability of experimental veri- 
fication, as long ds they arise from observations which, lead one to speculate as to 
what will happen if .? . / 

MAKING OPERATIONAL, DEFINITIONS / ' - 

Oftentimes |n experimentation it becomes necessary to describe phenomena in 
concrete terms without complete or exact knowledge of is actually happening. 
Here the emphasis is on setting boundary condition with^^reference to "activity" 
observations which enables one to "go on" vyith a working definition, subject to 
later revision, without less of validity. / - 

11. .CONTROLLING OI^ MANIPULATING variables 

' M^suring varlablesys one thing. Controlling or manipulating variables Is quite 
another. Here the emphasis is on identifying variables in a system, holding some 
constant, and manipulating others, usually only one, to sed how the system func- 
tions. Discovering the relational role of a variable in a systerh is the highest level of 
' understanding in this process. / ’ . 
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Differentiation between counting number relationships alid measurement proper is 
usually obvious, but there are -"grey areas" where the two merge ithperceptibly. 
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12. EXPERUpENtlNG i 

In.a primitive sense, experimentation may take the form of trial and error activities, 
based upoivprevious experience. At its higher levels, however; experimentation means 
probing along a prfth that appears fruitful. In the strictest, sense, experimentation im- 
plies the test of hypotheses formulated on the basis of experience gained in previous 
experimentation. - 


13. FORMULATING MODELS V 

. Mental models are built to en^mpass many related observations. One builds these 
models to "picture" what is happeriihg. now and to predict what will happen in another 
set of circumstances. One of the chief characteristics of this process is the continual 
and*refinment of the niodel in the light 'of new evidence which challenges some 
facet of the model. • . . • / ^ ' 

14. INTERPRETING DATA • 

Thexbllection and classiliqatipn of.datalrrtpt ofteq an end in itself; A more im- 
portant aspect is;"what does- the data tfel I you?". Data,, shoujd be analysed with tlie 
aims of gerieralisirig Vyherepp^ible, utinzing t^^^ data as^a ba^ for predictibn.vahd 
considering the "quality"jof the data in terms of designinig rnore refined experiments. 
The interpretation given to a’set of dafta provides the impetus for new investigations. 

15. MANIPULATIVE SKILL ‘ ' ’ < 

■ : :? 'The acquisition pf mechanical skills of manipulation' is fundamental to the creation 
- ofsituatiortsinwhich theotherproc^esarenaturally brought put. Increasing mani- • 

* pulaftve skill rAeans the use of more and.better. apparatus with the increasing probabTlity 
of requiring the other processes for explanation dtf understanding. ' ’ . ^ 

I sugge^ that this august body consider these fil^wn points as exai^les of some of the 
ways we can approach the d^igniqg and the teacher of an integrated ^i^'ce programme fof 
primary and'secondary. schools. ; ‘ . 

o For too long in Africa, we have befen educating t^b many pbople with educated head 
and uneducated hand; we need- to educate the new generation of African children to use ' 
their head and hand.very effectively. . ' v » ' 

How do we broaden the background of pur children to enable them react'confidenti/ 
a tb their environment? Ksuggest' that we heed to discover the intimate connections that 
exist among disciplines as wejl as look for all possiblp extensions.. Tb cite a few examples 
.of what I have in mind: 'One wpuld like to have a science unit entitled: "Elements of 
automatic contr^in plants, animals ahcrujant behaviour." In'|)lants and animals, ecology, 
anatomy, evolution physiology, genetics era. are common phenomehon to both. Why not 
exploit and extend these to the nth degree?’ . 

l am sure oiir scientists here at this Workshq^^fe up to the talk and the next few days 
should givftus a good start. 
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Functional Agriculture, Health and Nutrition 

On agricultural science, nutrition arf^ health, these are best taught by examples rather 
than by precepts. Teachers and pupils must be fully involved and the best involvement is 
though active participation by both. Chilcfren are more interested in cause and effedt 
4 ^her than a study in' depth of reproduction cycle of a mosquito. They want to find out 
by themsbives what happens when plants are deprived of air, water and light and inyhow tc 
make bigger and better yams, tomatoes.oranges, corn etc. Above all, they want to do it 
theijiselves. They need to experiment with' their own plots and try their hands on cookiij 
and in m^ing delicious dishes. In other words, teaching of agriculture, nutrition and he 
, should be functional and practical. Theory without practice is like learning to swim by 
correspondence! 

We must select the appropriate learning experiences that will help in achieving our iden- 
tified aims and objectives for the integrated science programme. First we .must realise that 
the majority of our children will not go on 1|0 the secondary grammar school for some time 
to come. But all of them will be citizens of their countries and most of them will in the 
meantime t^ecome apprentices, f^rm hands, petty traders, and the like. We need literate 
farmers, carpenter, traders etc. Above all, we need good, proud and honest citizens— 
thus we need this type of person in /^frica t(^ay more than doctors, lawyers, teachers etb. 

' In any case;Mf we produce good citizens^Jbdy'will become good lawyers, good teachers, 
good doctors, good farmers, good carpfntersor good scientists, l/i identifying the learning 
exper|encesYequired, we ourselves as teachers must realise that: 

(a) learning is an active process and the 'learner must be actively involved; 

(b) learning becomes more effective if the^learher understends what he is learning; 

(c) environment affects learning; 

(d) teachers affect learning; , * • ^ 

(e) ^individual differences affect learning;. a 

(f) values, goals and motives affect learning; 

(g) all learnings areVhulti-purpose; ' 

(h) reinforcement isiessential in learning; 

(i) integt'ated-Jearning experiences yield better results. 

.The child we plan.'to edu^te must by the end of our course be'flexible, responsive, sensitive. 
He.must by attitude and rparning bq willing to explore new phepphienon and seek more ^ 
knowledge on his own. 

■ The teachers Africa needs are tho?e who are humble, flexible, inquisitive and^responsive > 
to the needs of their children. 

, they must be wiUmg to explore hew phenomena with their children and seek more know- v, - 
'ledgb on their own. They must above aH be willing to experiment and be unafraid of failure'^ (4) 
Whatever we. do as teachers alid admiffistrators, it is incumbent upon us to create the suitable 
enviroriment that'will enable the child di^over things for himself. 

Asa popular saying goes, there are three kirids of people: .• , J ^ 

(1) A few who make ttnngs happen ^ ^ ’ , 

(2) Some who,.watch tmngs happen : . . ^ 

(3) and millions who don^now what is happening. . ~ 

I hope that the few of us who^are here at this Workshop will make’things happen in 
Sfcience Ecfucation in Africa. 
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{ 4 ),^. B. Fafunwa, Nevy Perspectives In African Eduction, Macmillan & Co. Ltd.) p. t63^. 






